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20.  Abstract 

"-’'A  study  arising  from  previous  work  on  electronic  hardware  design,  is  described. 

-  (a)'Subjects  from  the  previous  study  and  a  few  others  extended  the  original 
experiment;  (b)  A  computer  program  linked  to  a  display  and  control  console  through 
A/D  and  D/A  convertors  provided  an  alternative,  though  overall  isomorphic,  des¬ 
ign  task;  (c)  Subjects  performed  in  a  controlled  manner,  a  less  restrictive  des¬ 
ign  task;  to  design  intruder  alarm  systems;  (d)  A  small  group  of  subjects  per 
formed  the  intruder  alarm  system  task,  in  less  controlled  conditions,  but  at 
leisure. 

In  all  cases  ,  subjects  were  pretested  for  conceptual  style.  There  are  certain 
clear,  but  quite  complex  relations  between  the  test  profiles  of  conceptual 
style  and  the  methods  of  design  and  one  score  variable  is  useful  as  a  predictor* 
of  design  ability.  However,  the  connection  is  complex;  for  example,  there  is  a 
different  relation  in  the  hardware  and  the  Jfj/tware  programming  tasks  (cont) 

-  3  3  yy  jo  . . . 
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20.  cont/  abstract: 

_((a)  and  (b)  )  .  In  the  intruder  alarm  task  ((c)  and  (d)  )  ,  versatile 
subjects  adopt  a  diverse  but  systematic  approach;  the  others  may  or  may 
not  have  diversity,  but  are  not  systematic  (they  do  not  generate  sensible 
design  principles).  If  enough  time  is  allowed  versatile  subjects  and,  in 
one  sense,  good  designers  will  continue  to  produce  essentially  different 
designs  over  a  time  of  several  months,  (study  (d)  )  but  this  effect  is 
not  e'vident  under  more  restrictive  conditions  (study  (c)  )  .. 

Throughout,  there  is  a  strong  tendency  for  cognitive  fixity,  with  respect 
to  design  principles,  and  the  main  mechanism  of  innovation  is  abduction, 
or  the  construction  of  vali'1  analogies  and  their  subsequent  employment. 
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1 .  Introduction 


The  research  described  in  this  retort  is  a  rational  continuat¬ 
ion  of  previos  work  upon  design  capability  and  conceptual  style  carr¬ 
ied  out  as  part  of  Contract  F44620-76-C-0QQ3  through  the  European 
Office. 

In  the  previous  studies,  the  subjects,  some  of  them  exper¬ 
ienced  designers,  and  some  of  them  graduates  in  electronic  engineering, 
designed  an  analogue  electronic  simulator  for  demonstrating  the  prin¬ 
ciples  of  reaction  kinetics  in  physical  chemistry,  the  progress  and 
the  energetics  of  a  chemical  reaction  being  simulated, as  customary 
for  the  (United  Kingdom)  "A  level"  student,  in  t^rms  of  "activated 
complex"  theory;  a  gross,  but  numerically  sophisticated,  approxim¬ 
ation  to  reality.  All  subjects  were  tested  for  learning  and  conceptual 
style  using  the  "Spy  Ring  History  Test",  and  were  reauired  to  justify 
their  design  by  constructing  a  graph,  which  approximated  an  . 
entailment  mesh,  indicating  how  and  why  they  designed  the  simulator 
as  they  did.  Further,  all  the  designs  "worked  satisfactorily"  ; 
meeting  the  requirements  of  a  design  brief.  But,  given  this  much, 
the  quality  of  designs  (all  of  which  satisfied  the  brief)  was  assessed 
according  to  stated  criteria;  namely,  reliability,  transparency,  f 

ruggedness  vhow  fool  proof  the  designed  simulator  is  ),and  the  extent 
to  which  a  simulator  can  be  used  in  a  flexible  manner  for  different 
demonstrations . 

The  results  obtained  in  this  previous  study  have  been  reported. 
Results  include  a  significant  positive  correlation  between  the-  ver¬ 
satility  score  on  the  stylistic  test  and  the  rated  quality  of  design; 
between  versatility  score  and  the  tendency  to  use  defensible  analogies, 
between  the  application  domain, and  the  domain  of  electronic  design,  and 
in  some  respects,  the  superiority  of  the  experienced  designers  who 
do,  however,  take  longer  to  produce  a  design  which  satisfies  the  brief. 

The  studies  covered  by  the  present  report  are. as  follows: 

(a)  Continued  investigation,  using  recorded  group  and  individual 
interviews,  of  subjects  in  the  original  pool,  the  intention  being  to 
provoke  them,  where  necer  ary  ,  by  suggested  deficiencies  in  the 
original  brief,  into  innovative  activity  based  upon  a  more  widely 
useable  simulator.  Somewhat  contrary  to  the  pessimistic  views  I 
expressed,  during  discussions  in  Washington,  this  enquiry  has  yielded 
some  useful  data;  chiefly,  because  it  proved  possible  to  retrieve 
"lost"  subjects,  more  than  18  months  after  the  first  study  was  finished. 

(hi  Experiments  intended  4o  indicate  the  difference  between  hardware 
designing  and  computer  programming  and  the  dependency  between  prog¬ 
ramming  skill  and  the  stylistic  test  scores.  For  this  purpose  A/D 
and  D/A  convertors  were  used  to  into  face  the  computer  with  a  replica 
of  the  display  and  control  layout  of  the  original  reaction  kinetics 
design  task,  and  the  brief  presented  was  similar  except  for  the  criter¬ 
ia  of  design  quality  employed.  Once  again,  all  of  the  designs  did 
as  a  minimal  requirement,  satisfy  the  design  brief. 

(c)  Fai.rly  large  scale,  4  session,  experiments  , in  which  less 
sophisticated  designers,  (26  subjects  from  teacher  training  college 
and  from  technical  college),  attempted  the  design  of  an  intruder  alarm 
system.  Subjects  were  provided  with  details  of -how  simple  devices 
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function,  how  detectors  could  be  wired  together,  etc.,  and  they  ill 
had  access  to  two  differently  located  premises  (presenting  two,  very 
different,  kinds  of  protection  problem).  One  goal  of  the  study  was 
to  relate  conceptual  style,  as  determined  by  the  tests,  to  design 
quality  (all  designs  must  satisfy  a  minimal  brief),  and  another  goal 
was  to  relate  these  indices  to  the  number  of  other-than-trivially 
different  designs  produced.  Subjects  were  encouraged  to  make  and 
describe  as  many  alternative  designs  as  possible,  and  two  designs 
(each  bearing  a  different  cost  limit)  were  required,  for  each  of 
the  two  premises. 

(d)  A  small  scale  study,  11  subjects  from  one  of  my  graduate 
classes  (MSc  in  Cybernetics , at  Chelsea  College). carried  out  over  8 
months  in  which  the  experiment  of  (c)  was  repeated  in  a  more  open- 
ended  and  leisurely  manner.  Serious  comprehension  of  how  the  intruder 
detection  and  alarm  devices  work  is  unnecessary  (and,  as  judged  by  a 
standard  questionnaire,  the  knowledge  of  the  function  of  each 
device,  as  a  "black  box",  scarcely  differed  from  the  knowledge  of  the 
subjects  in  (c)  )  .  However,  in  this  case,  the  design  task  gained 
"out  of  class"  credit, and  it  was  possible  for  the  (d)  subjects  to 
thin'  at  leisure.  Their  gradings  did  not  depend  upon  design  quality, 
as  such,  rather,  upon  discussion  of  the  task,  comparison  of  designs, 
etc.,  in  subsequent  1st  year  seminars. 
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2.  Follow  up  study  of  designers 


I  expressed  some  anxiety  about  this  study  when  last  in  Washington 
because  of  corruption  of  the  data. 

Due  to  unavoidable  ci rcumstances ,  it  turned  out  that  all  the  indiv¬ 
idual  and  group  sessions  were  {finally,  and  for  some  part  of  each  per¬ 
son's  history) conducted  by  one  experimenter,  myself.  I  had  the  strong 
impression  at  that  stage  (some  year  or  more  ago), that  many  of  the  inn¬ 
ovations  were  due  to  the  experimenter,  even  though  accidentally  intro¬ 
duced.  On  listening  to  sample  tapes  (all  sessions  were  sound  recorded 
and  many  video  recorded)  this  pessimistic  impression  is  false.  The 
findings  must  of  course,  be  qualified,  regarded  as  "clinical  type" 
data  and  no  elaborate  comparisons  have  been  attempted.  All  the  same 
the  findings  are  of  interest,  particularly  since  members  of  our  original 
subject  pool  of  hardware  designers  who  had  left  the  neighbourhood 
returned  to  London  and  proved  sufficiently  interested  to  make  contact 
and  return  for  further  discussions. 

The  prompting  comments,  used  to  elicit  innovations,  were  as 
follows: 

(a)  Can  you  really  amalgamate  the  designs  into  a  potentially 
more  powerful  or  accu  ite  simulation  (if  so,  show  mo,  or  us,  as  a 
group,  how  to  do  so). 

(b)  Is  the  complex  amalgamated  system  chemically  or  physically 
meaningful  (if  not,  say  why  not) 

(c)  What  really  is  assumed  about  the  kinetics  of  a  reaction. 

(d)  What  happens  if  the  reactants  are  not  stirred  and  mixed  in 
the  vessel.  The  Belousov  Zhabotinski  reaction  was  demonstrated  ie. 
the  complex  oscillatory  reaction,  involving  HBr02,  Br,  BrC>3  and  . 

a  redox  coupling  (Ce  III,  Ce  IV’or  Mn  II  Mnlll,  (Field  and  Noyes, 

1974,  or  Winfree  1974). 


(e)  How  can  you  show  what  goes  on  in  a  chemical  reaction,  given 
an  explanation  (which  was  usually  quite  well  understood)  of  relax 
ation  time  and  transit  time  for  an  activated  complex?(The  subjects 
were  encouraged  to  introduce  more  sophisticated  models  if  they  were 
fami liar  wi th  them) . 

(f)  Given  excerpts  from  Prigogine's  work,  what  do  you  think 
to  the  a  :vated  complex  model?  Is  it  at  all  possible  to  assume 
neu:  to  equilibrium  thermodynamics.  If  not,  how  can  you  simulate 
or  demonstrate  what  go<  s  on?  What  is  the  price  paid  in  "mathematical 
complication"? 

Design  a  system  which  is  ntelligible  to  a  non  mathematician. 

(g)  What  is  a  molecule?  Which  energy  in  the  system  is^  kinetic, 
and  which  j_s  potential?  What  happens  at  really  high  or  low  temper¬ 
atures? 


(h)  How  would  you  have  benefitted  from  having  the  original 
simulator  when  you  were  in  high  school?  (all  subjects  have  done 
some  physical  chemistry,  all  have  done  a  good  deal  of  physics). 

From  having  the  advanced  simulator  you  propose?  Have  you  changed 
your  views  on  science  as  a  result  of  this  design  task? 

Insofar  as  these  comments, or  questions^ convey  ideas,  directly, 
the  results  must  be  deemed  unoriginal,  but  to  the  best  of  my  knowledge, 
and  contrary  to  my  original  belief  these  are  the  only  substantial 
prompts  originating  solely  in  the  experimenter. 

The  most  obtrusive  finding  is  a  confirmation  of  the  (earlier 
report)  hypothesis  that  abduction  or  analogy  construction  is  the 
dominant, if  not  the  only,  means  of  innovation.  The  proposed  mechanism 
of  abduction  closely  resembles  the  mechanism  examined  by  Gordon  (1968) 
and  his  colleagues  which  is  encouraged  in  their  "synectics  method" 
for  design  and  management-situation  creativity-training.  It  is  an 
initial  juxtaposition  of  different  perspectives  on  a  problem, either 
by  different  people  in  a  group  or,  more  often,  by  one  person.  The 
perspectives  appear  ,  initially  as  related  but  irreconcilable.  The 
disparity  may  or  may  not  he  resolved.  If  not,  then  an  inconsistency 
or  incoherence  is  recognised  (and, as  the  experimenter, I  tried  to  make 
certain  that  the  matter  was  not  "simply  dropped").  If  coherence  is 
obtained  then  something  has  been  discovered .though  it  may  or  may  not 
have  particular  relevance  as  a  solution  to  the  problem. 

For  example,  in  the  problem  of  coupling  units  of  the  original 
design  together.  "Look  at  the  input  to  the  Black  Box",  and  "Look 
at  the  output  from  thr>  Black  Box"  (which  leads  to  an  incoherency  if 
the  reaction  is  reversible,  unless  the  temperature or  one  of  the  other 
parameters  is  regarded  as  an  input,  which  was  not  the  intention). 

Conversely,  "Look  at  the  environment  of  a  molecule",  and  "Look 
at  the  molecule  from  its  surroundings", led  to  a  very  ingeneous  colour 
television  display  design  which, although  rather  too  costly  in  practice 
is  implementable  (the  design  replaces  relaxation  times  ie  .  the  times 
needed  for  energy  transfer, by  spatial  contours  in  a  neighbourhood 
map). 

The  next  findino  is  confirmed  by  the  study  of  Section  5;  Design¬ 
ers  who  exhibit  nove  :.y  can  continue  to  design  fresh  designs  but 
it  takes  many  months  to  do  so. 

The  designs  produced  are  very  varied  and  by  any  reasonable  criterion 
should  be  judged  as  innovative  (whether  they  are  successful  innovations 
or  merely  permissible  inventions  is  an  utt  rly  different  matter)  .  At 
one  extreme jthere  were  complex  simulations  (like  the  case  already 
ci‘ed,  of  the  temporal  contours).  At  the  other  extreme,  there  is  a 
design  containing  a  minimum  of  electronics  or  computation  but  students 
are  instructed  to  enact  reactions  (lawfully,  however)  regarding  pairs 
or  students  as  molecules.  This  scheme,  which  struck  me  as  particularly 
inventi',n  was  later  elaborated  to  a  low  frequency  loop  radio  system 
intended  to  detect  rule  disob°di ence . 


As  in  other  studies  of  problem  forum: ition  and  problem 
solving.it  was  possible  to  observe  a  great  deal  of  fixity  with 
respect  to  principles  or  underlying  themes.  Six  of  these  themes 
are  obtrusive  enough  to  be  accounted  (Table  1)  .  They  are 

(A)  Scaling,  the  representation  ■  f  quantities  so  that, 
for  example,  pints  of  a  1st  order  and  of  a  2nd  order 
reaction  are  vi  ually  distinct. 

(B)  Displav  complexity.  If  on  its  own,th;  .  feature  is  con¬ 
cerned  with  the  elaborate  presentation  ot  either  macro 

or  micro  level  variates  .  If  combined  with  (C).below, 
it  represents  a  complex  interaction  ac  control  as  well 
as  display  points. 

(C)  The  Interactionist  position;  to  be  effective  the  design 
must  allow  the  student  to  modify  parameters,  initialise 

or  otherwise  vary  the  course  of  events. 

A  systematic  attempt  was  made  to  shift  adherents  of"(B) 
alone"to  "(B)  and  (C)"  using  the  valid  argument,  that  any  ".0.  alone" 
scheme  could  be  implemented. wi th  comparable  effectiveness, but  lower 
cost, by  a  film  or, at  any  rate  ,  a  library  of  video  tapes.  It  is  an 
interesting  observation , which  speaks  more  stronqly  than  figures 
for  the  dominance  of  rigidity  or  fixity  effects,  that  without  ex¬ 
ception,  this  argument  was  taken  at  face  value,  but  sidestepped; 
these  very  intelligent  design  subjects  doggedly  pursue  their 
theme  and  spend  great  trouble  in  ;jbricating  (factually,  unten¬ 
able)  reasons  for  why  their  equipment  cannot  really  be  replaced 
by  film  and  tape.  This  is  a  rlearcut  issue  oh  which  it  is  poss¬ 
ible  to  present  a  con«nt  and  universal  counte*  example,  Fut  to 
do  so  does  not  have  an  influence  upon  behaviour. 

(0)  Emphasis  upon  elaborated  mathematical  aporoaches;  for 
example,  the  far  from  equilib”ium  thermodynamics  of  Prigogine, 
in  which  macro  level  variables  are  retained.  Once  again  , there 
is  fixity.  These  subjects  do  not  contemplate  (do  not  like, 
find  sympathetic  to  their  tastes). the  microstruct  :re  of  a 
reaction  mechanism. 

(E)  Emphasis,  often  exclusive  ,  upon  the  microstructure  of 
reactions.  The  Simula^  s  highlight  molecular  level  events, 
variables  like  concen  ation  are  relegated  to  irrel  vance 
and  'be  interpretation  of  the  design  is  the  concrete  process. 

(F)  Belief  that  the  original  simulation  units  can  be  assem¬ 
bled  together  (on  sensible,  but  often  factual!.,  untenable, 
grounds).  Once  set  on  this  orientation,  subjects  will  not 
budge. 

(G)  A  catch-all  category  containing  the  radical  innovations 
by  analogy-construction  or  abductive  methods. 
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The  stylistic  profiles  of  the  17  subjects  (conceptual 
style  test  results)  are  shown  in  Table  2  and  there  is  a  signif¬ 
icant  positive  correlation  between  the  versatility  score  and 
i nnovation . 

Finally,  the  probing  question  (h)  was  used  to  obtain  answers 
in  as  much  detail  as  possible, to  how,  if  at  ai 1 .subjects '  design 
experience  had  changed  their  views  about  reaction  kinetics  .  There 
is  no  point  in  tabulating  the  results,  for  without  exception,  the 
subjects  learned,  at  high  school,  nothing  significant.  They  learned 
rules  and  formulae,  but  did  not  have  the  remotest  idea  of  what  the 
mumbn  jumbo  meant.  Two  subjects  (two,  that  had  used  the  formulae 
in  practice,  in  industry)  had  individually  come  to  grips  with  their 
meaning  .  With  the  (possible)  exception  of  the  cases  noted  all 
the  subjects  finished  the  design  task,  with  a  full  comprehension, 
ie.  they  1  named  by  learning  to  think,  do,  and  design,  in  the 
area  oi  reaction  kinetics. 

Although  the  finding  is  of  peripheral  relevance,  to  the 
immediate  study,  it  does  indicate  the  futility  of  most  ritualistic 
learning;  it  equips  people  to  pass  examinations,  but  that  is 
about  aj_[  it  does. 

Tape  from  this  study  are  preserved.  Currently , there  are  no 
funds  a v a i  1  ...  1  e  for  any  really  serious  content  analysis  as  this 
would,  unavoidably,  be  a  costly  business  compared  to  a  qross  and 
impressionistic  overview  of  the  type  given  in  this  report.  Surely 
however,  a  systematic,  and  quantitative  analysis  is  possible, 
and,  in  view  of  the  earlier  comments  on  the  status  of  the  data, 
is  likely  to  lie  worth  performing. 
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1 

0 

i 

0 

1 

0 

0 

15 

1 

0 

0 

1 

0 

1 

0 

16  * 

0 

0 

1 

0 

0 

1 

0 

17 

1 

0 

1 

0 

1 

0 

1 

Table  I.  retribution  of  main  themes  amongst  subjects  participating 
and  considered  to  have  adequately  complete  records,  ny 

subject  may  contemplate  several  themes  at  once,  or  on 
different  occasions.  In  all,  17  subject  records  proved 
complete  enough  to  suffice  .  Subjects  from  the  first  study 
are  marked  by'*' 
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Original 
i  number 
(experts 
i  unmarked 
students 
i  marked 
!  by  ■) 

"object 

number 

(current 

series) 

Conceptual  Style  Test 
Scores 

N  0  C  V 

j 

\  6* 

1 

81 

72 

76 

52 

i 

2 

70 

64 

40 

56 

i 

3 

65 

60 

32 

46 

| 

4 

66 

65 

54 

38 

1  3 

5  | 

75 

74 

49 

47 

1  4 

6 

58 

63 

62 

25 

1 

7 

34 

63 

52 

34 

7 

8 

76 

64 

54 

28 

’ 

9 

70 

78 

47 

20 

- 

10 

75 

50 

36 

18 

i  8 

11 

70 

46 

59 

45 

| 

12 

60 

79 

85 

88 

1 

13 

60 

61- 

44 

32 

1 

14 

56 

75 

20 

16 

i 

15 

A  7 

56 

59 

56 

|  1* 

16 

n 

57 

67 

47 

" 

17 

32 

34 

78 

49 

!  Means 

62.8 

62.4 

53.8 

41 

i— SDs 

13.7 

11.4 

16.5 

17.3 

Table  2:  Scores  on  test  for  conceptul  style.  Subjects 
from  prev  is  study  are  indicated  at  .ne 
left  togetner  with  number  and  type  given 
in  Fill  Scientific  Report  on  F44620-76  0-0003 


3 .  Programmin g  Task 

The  details  of  the  task  are  outlined,  comprehensively,  in 
Annexe  1  and  Annexe  2,  (the  design  brief  and  the  programming  manual 
for  the  version  of  BASIC  run  on  the  LSI  computer,  together  with 
the  machine  language  routines  required  to  operate  the  A/D  and  D/A 
convertors).  Subjects  could  orient  themselves  more  or  less  towards 
the  computer,  as  such  (for  example,  by  obtaining  program  printout, 
numerical  values  of  computed  variables  bv  trial  execution),  or  to¬ 
wards  the  display  and  control  console  (Fig  1),  which,  apart  from 
the  "run"  or  "start"  button,  (here,  initiated  on  the  computer),  is 
isomorphic  to  the  original  (hardware  design  study)  simulator  dis¬ 
play  (Fig  2). 

All  22  objects  who  started  the  task  knew  the  outlines  of 
BASIC,  and  all  received  the  Spy  Ring  History  Test  for  conceptual 
style.  Partial  results  are  available  from  most  of  these  subjects 
but  O'  ly  8  completed  the  ta.k,  over  a  period  of  between  5  weeks  and 
a  couple  of  months.  Some  of  the  "drop  out"  subjects  were  unable  to 
visi t  the  laboratory  and  lost  interest,  but  three  "drop  outs",  at 
least,  can  be  ascribed  to  lack  of  reasonably  convenient  appointments 
when  the  equipment  was  available  for  use. 

Because  of  these  circumstances,  the  numerical  results  have 
less  value  than  they  might.  There  is  a  1%  level  significant  positive 
correlation  between  "rule  inference"  (the  U  score  component  of  the 
operation  learning  score  in  the  stylistic  test) , and  an  estimate  of 
programming  facility.  There  appears  to  be  a  strong  relation  between 
conceptual  style  and  the  type  of  programming  used,  in  particular, 
the  extent  a  which,  in  tackling  the  task,  the  subject  did,  or  did 
not  translate  the  program  operation  into  display  and  control  vari¬ 
ables.  The  Comprehension  Learning  Scores  and  Versatility  Scores 
are  both  higher,  for  subjects  who  were  display  and  control  oriented, 
though  the  increment  is  greater  on  Comprehension  Learning.  The 
results  ire  significant  for  the  "Near  Completing",  subjects,  at  the 
1°'  level.  The  same  difference  is  characteristic  of  the  "Completing" 
subjects  but  significance,  in  this  case,  is  untestable. 

In  terms  of  (qualitative)  observation,  and  scrutiny  of  the 
records,  there  are  two  dominant  approaches  to  the  design  task.  These 
interact  with  two  kinds  of  programming,  namely,  "making  the  display 
and  control  system  work",  and  "making  an  elegant  ,  as  well  as  brief 
program" . 


The  approaches  to  the  task  are  comparable  to  the  results 
obtained  in  the  design  study,  but  it  appears  that  the  requirement 
for  the  computation  convert'-  the  task,  so  far  as  several  (at  least 
5) .subjects  are  concerned,  into  a  piece  of  mathematics.  These  sub¬ 
jects  spent  several  weeks  to  select  (in  fact)  arbitrary, increment¬ 
ation  values,  after  which,  they  tried  to  interpret  the  operation  of 
their  program. 

The  mathematically  oriented, or,  abstract, approach  also  char¬ 
iot  ised  some  (I  suspect  ,  a  smaller  proportion)  of  the  hardware  sim¬ 
ulator  designer^.  There  is,  however,  one  important  difference.  The 
programming  subjects  in  this  category  did,  without  exception,  find 
the  design  bri ef  unsatisfactory. 
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The  hardware  designers  did  not  criticise  the  design  brief, 
and  there  is  no  reason  to  believe  them  at  all  unhappy  with  it. 
Possibly,  the  difference  is  due  to  programmers 1  expectations.  For 
experienced  programmers  are  accustomed  to  receive  a  much  more  process 
determining  specification  from  a  system  analyst, and  these  subjects, 
at  any  rate,  seemed  to  resen*-,  or  find  alien,  the  requirement  of 
thinking  about  a  real,  rather  than  an  artificial  ,  process. 

Other  subjects  (certainly  six  of  them,  if  near-to-completion 
subjects  are  counted)  took  the  interpretation  ,  in  terms  of  reaction 
kinetics,  as  primary.  In  contrast  to  the  others,  they  realised  that 
incremental  changes  in  heat  are  arbitrary  provided  that  changes  occur 
in  the  proper  direction  and  the  overall  equation  is  satisfied  .  As 
a  result, these  subjects  soon  wrote  programs  to  perform  the  (almost 
trivial)  computations  and  devoted  a  good  deal  of  effort  to  scaling. 
(Scaling  also  preoccupies  some  of  the  hardware  designers). 

Most  of  the  program  solutions  to  the  design  problem  are 
disappointingly  pedestrian . i f  compared  with  the  solutions  proposed  by 
hardware  designers,  and  the  subjects  seemed  loath  to  exploit  the 
innovative  potential  of  a  computer.  For  example,  only  one  subject 
produced  a  successful  stochastic  program  which  is  quite  easy  (further, 
quite  appropriate)  as  the  basis  for  a  simulation  and  only  one  other 
subject  tried  to  do  so  (but  gave  up  the  attempt  and  offered  a  trivial 
program  in  its  place).  No  subjects  tried  another  fairly  obvious 
trick,  namely,  to  simulate  an  ensemble  of  systems  and  to  couple  them 
together  by  a  linking  routine. 


A  pair  nr  competent  ,  but  uninventive,  program  listings  are  shown 
in  Fig  3  and  in  Fig  4. 


■ 

Trial 

runs 

Debuggi ng 
Sessions 

Radi  cal 

Modi f ications 

N 

Stylistic  Test 

0  C 

V 

S3 

18 

11 

4 

60 

65 

47 

54 

2 

8 

4 

0 

70 

43 

68 

76 

3 

20 

12 

2 

46 

55 

24 

78 

4 

24 

18 

6 

75 

54 

32 

56 

5 

7 

7 

1 

57 

58 

50 

79 

6 

6 

6 

1 

64 

60 

53 

40 

7 

19 

16 

3 

49 

22 

69 

80 

8 

22 

18 

2 

47 

58 

30 

54 

9  ♦ 

17 

15 

5 

66 

42 

75 

67 

10' 

11 

11 

3 

77 

45 

46 

74 

11  • 

9 

8 

0 

66 

60 

35 

29 

12# 

18 

18 

2 

30 

25 

65 

70 

■ 

mm 

IIBB 

HU 

Table  3:  Overall  Patt-'  n  of  activity  and  test  scores.  Subjects 
m,-.  ed  *  did  not  complete  to  their  own  satisfaction. 
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1o  find  values  of  change  in  concentrations  1  didn't  integrate. 
Instead,  1  used  the  approx^/^  -  «*  M/a  iij  *J  t  and, 
c\  =  a*  [t f  /D7d  *<$  t  (the  sane  6  t  in  both  cases) 


3  I E  R*»"0"  THEN  6 
4PRINT"TW0  WAY  REACTION" 

SCOT  '  • 

6PRI  >  "ONE  WAY  EACriON”  ptl, 

1  LEI  H0.J55.0.i  .  o  (UCSI  - 

22  LET  J040.001  . .  IS  *7*  ^  rtjVJ 

J0  GOSUB  5000  ‘\.„v  IQ1#** 

50  GOSUB  3000  fHQ)l  QQT*  *>w~ 

55  PRINT"SET  INITIAL  TEMP" 

56  INPUT  T0 

57  LET  r(«T0 

60  PRI-  "MI»"»MI."T0»".T0»"TIME*“.0 

102  FOR  I»l  TO  10000  < 

105  LET  C«MI*M2 
110  GOSUB  l»00 
120  GOSUB  ’0 

l>  1  E  (M1»*vi)*<M2»»0>  THEN  240 
19  0  PRINT"£ND  OE  ONE  WAY  REACTION?" 

200  STOP 

240  REM  PRINTING  CUR'  NT  VALUES  OF  CONCENTRATI  ONS.  TIME 
.41  REM  .REACTION  RATE.  EQUILIBRIUM  CONSTAT 

244  PRINT  ”MI*".MI."TEMP»".TI."TIME«"»I 

245  PRI NT"M2*".M2 

246  PRINT  "M3«".M3 

247  PRINT"M4»".M4 

248  PRINT  "OBSERVERVEO  WE8".MI*M2/(N3»N4) 

249  PRINT  "DIPECTED  KEQ".K1/X2 

250  PRINT  "EXPECTED  REACTION  RATE". ABSI S-2 > 

251  PRINT" . . . . . . 

252  CALL  I  6.M  1 .  I)  - 

253  CALL!  6. M2. 2)  **6 

254  CALL!  6. M3.  3)  i 

255  CALL!  6. M4.  4)  C 

256  CALLC6.TI.5)  /j 

257  CALL! 6. H0. 6) 

258  NEXT  I 

259  PRINT  "END  OE  ITERATION" 

260  STOP 

599  REM  INITIALIZING  ALL  METERS 
'*1000  LET  S»K  I*(M1  «L1)*(M2)L2>*J0 

1001  IE  (M1<2S5)*(M2«2SS>  THEN  1020 

1002  PRINT"CONCENS  A.B  TOO  LARGE"  ^  1 

1003  STOP 

1020  LET  01  *S 

1021  LET  D2=L2«S 
1040  LET  M1»MI-D1 
1060  LET  M2*M2-D2 
1070  LET  D3*L3»S 

.1080  LET  M3*M3*D3 
**1090  LET  D4-L4 «S 
1100  LET  M4»M4*D4 
1105  IE  RS=""  •  THEN  1220 
1110  LET  Z  =  *  -  '3»L31*<M4»L4>«J0 

1115  IE  <M3<255I4<M 4< 2551  THEN  1120 

1116  PRI NT"CONCENTRATI ON  OE  C.D  TOO  LARGE" 

1120  LET  E4*L4*Z 
1122  LET  E3»L3«Z 
1130  LET  M4«M4-E4 
1150  LET  M3»M3-E3 
I16P  LET  E2  2«Z 
1170  LET  M2sMP*E2 
1 180  LET  EI»LI*Z 
I  I  '■  LET  MI4MI4E1 
1220  RETURN 

'*2000  IE  '  ?<»0  THEN  2050 
2010  IE  n$4»"0"  THEN  2030 
"020  LET  0240 

2025  IE  <C-<Mf*M2»>>!  THEN  2030 
2027PRINT"STAJILITY  6E0R” 

2028  STOP 

2029  LET  H04H0*S*  <  QI  *02) 

2030LET  G0»S4<  01-02)/<Ml*M24M34N4) 

2040LET  T1»TI»G0 

2050  LET  K2«P2*EXP<-02/<8.3144Tl>> 

2040  LET  K|4P|4EXP<-0l/<8.314«Tm 

2065  REM  ASSINGING  VALUE  OE  HEAT  IN/OUT  TO  METER  N0.6 

2066  CALL<  6.H0.  6) 

2070  RET  RN 

<4 3000  IE  L 1 4>0  THEN  30ro 

3001  '  rT  M1«0 

3002  L2<>0  THEN  3004 

3003  LET  M2>0 

3004  IE  L3«»0  THEN  3006 

3005  LET  M3*0 

3006  IE  L4<>0  THEN  3008 

3007  LET  M4«0 

3008  RETURN 
■7  5000  PRINT"P1,P2" 

5001  INPUT  P1.P2 

5002  PRINT"0 1.02.  T2"  s>  I  t 

5001  INPUT  01.02.T2  ^  ” 

5004  PRI NT"L  I.L2.L3.L4**  '  A*, 

5005  INPUT  LI.L2.L3.L4 

5006PRINT"MI.M2,M3.M4"  7Z) 

5007  INPUT  MI.M2.M3.M4 

5008  GOSUB  6000 

5009  return  f i  q  4  conti  m 

^  6000  EOR  !■!  TO  5  y  luiiliir 

6005  CALL! 6. 0.1) 


,x:-e'313 


E7S  , 

CvirrC**-  , 

he<vt  /H/e*rr. 


'C 


<  /*  *?<■  * 

.^^6y  iu  ‘-’t 


■ilfpeZi*. 
Fig  4  continued 


4.  Oesign  of  an  Intruder  Alarm  System 


Can  a  good  designer  produce  more  essentially  different  des¬ 
igns  than  a  bad  or  mediocre  designer?  It  is  reasonable  to  imagine 
that  he  might  do  so,  given  a  reference  task  admitting  (as  most  tasks 
and  non  trivial  problems  do ) , a  diversity  of  possible  solutions  .  The 
conjecture  was  voiced  at  Wright  Field,  and  had  some  support  from 
experiments  carried  out  in  an  adjacent  campus  of  the  State  University  of 
Ohio.  An  ability  to  produce  different  but  workable  designs  might 
even  be  used  as  a  sensible  criterion  of  whether  a  design  is  "good" 
or  "bad  "■ 

Oesign  of  an  intruder  alarm  system  was  chosen,  after  some 
preliminary  experimentation,  as  a  task  which  permits  a  great  deal  of 
variation;  a  problem  with  virtually  unlimited  solutions.  The  task  also 
has  the  advantage  of  providing  an  interesting  job, which  can  b*>  done 
by  any  intelligent  person  without  much  dependence  upon  prior  knowledge 
(for  example,  of  electronics  or  computer  programming).  The  sensors, 
detectors, etc. ,  used  to  protect  a  premises  are  commonly  put  together 
by  security  firm  "engineers",  whose  primary  expertise  is  not  so 
much  "engineering"  (in  the  usual  sense)  as  an  appreciation  of  arch¬ 
itecture,  the  requirements  of  a  client  ,  the  habits  of  vandals,  crim¬ 
inals, or  other  intruders ,and  the  hazards  likely  to  be  encountered.  The 
particular  devices  that  may  be  connected  together  to  form  an  alarm 
system  are,  for  the  most  part,  compatible  and  they  need  only  be 
known  as  "Black  Boxes"  which  perform  a  given  function. 

There  is  no  need  to  know  how  these  devices  work  provided  some 
critical  characteristics  are  given~Tfor  example,  false  alarm  rate, 
reliability, and  sensitivity  to  irrelevant  changes  in  the  environment). 
Such  data  is  readily  assimilated  or  referenced  in  a  manual ,and  the 
ingenuity  of  the  desiqner  is  fat  anv  rate  under  the  experimental  con¬ 
ditions  employed)  dependent  upon  how  a  sys tern  is  put  togetner  and 
whether  or  not  it  fits  the  requirements  and  cost  limitations  of 
a  client,  given,  as  a  reprequisite,  that  the  system  satisfies  a 
functional  design  brief. 

A  manual  containing  terse  descriptions  and  characteristics 
of  the  23  devi'  s  in  Table  A  (detectors,  such  as  magnet  and  reed-relay 
sensor,  capacity  sensors,  infra -red-beim  sensors,  together  with 
alarm  devic-  s  such  as  phone  activating  equipment,  external  bells) 
are  placed  at  the  disposal  of  all  subjects.  The  same  23  devices 
were  used  in  each  experiment,  none  of  them  being  inapplicable, (ie. no 
deliberately  misleading  or  necessarily  irrelevant  "devices"  were 
included). 

Two  experiments  were  carried  out  .  In  each  case. all  the 
subjects  were  pretested  to  obtain  a  score  profile  on  the  stylistic 
test,  the  mean  scores  being  operation  learning  (rule  application 
or  serial  recall,  with  a  subscore  for  rule  application  only),  com¬ 
prehension  learninn  (global  recall  and  reconstruction),  versati 1 i ty 
(ability  to  predict  beyond  the  information  provided) .  ^nd  a  neutral 
score  (overall  fact  retention, achieved  by  any  means). 

In  the  first  of  the  two  experiments  twenty  six  subjects, 

(given  the  design  brief)  examined  one  premises  at  Sheen  Road)  in 
Session  1,  occupying  (about;  2\  hours.  In  Session  2,  some  days  later, 
the  subjects  construct  intruder  alarm  designs  to  a  high  cost  and 
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Miniature  radio  modulator 

Inertia  switches 

Smoke  Sensor 

Vibration  contacts 

Radio  frequency  responder 

Magnetic  switches 

(power  input  and  transmitter 
and  band  sampling  receiver) 

Mortise  deadlocks 

Protected  audio  tape  recorder 
(voice  key  or  signal  to  start) 

Indoor  microwave  intrusion 
sensors 

Protected  video  tape  recorder 

Capacity  sensors 

(signal  to  start) 

Alarm  bel 1 

Control  Box  (may  contain  and, 
not,  or,  delay,  count  devices 

as  required  and  is  one  setting 

Magnetic  sensors 

unit  with  key  and  lamp  indicat- 

Pass  Key  switch 

ing  activation  of  system) 

Microswitch  contacts,  for 

Pressure  mats 

doors  and  windows 

Vibration  contacts 

Infra  red  directional  sensor 

Window  Foil 

Directional  microphone,  tuned 

Passive  infra  red  detectors 

to  ultrasonic  region  or  noi. 

Breaking  glass  detector 

Directional  infra  red  source 

Solid  state  999  dial!  r 

Image  converter  and  lens 

Untrasonic  intruder  detector 

Surve.  ^ance  *  '  cameras 

Outdoor  microwave  intrusion  sensor 

Untrasonic  directional  beam  module 

Actuation  buzzer 

equipment 

Table  A:  List  of  devices  available  to  subjects 
in  the  context  of  the  intruder  alarm 
task.  Subjects  are  told  that  they  can 
request  (as  a  manufactured  product) 
any  other  device  they  know  of  or  any 
device  that  is  physically  realisable 
fo>  production  at  a  cost  within  the 
limits  set  by  these  devices  (for  example, 
a  solid  state  special  number  dialling 
equipment  has  been  requested). 
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ibs  and  courtyard 
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a  low  cost  criterion, as  specified  in  the  brief.  At  the  end  of 
Session  1,  they  receive  photographs  (greatly  reduced  in  Fig$),to 
act  as  a  recall  cue  from  their  experience  in  concrete  reality,  of 
the  premises; together  with  layout  plans, on  which  their  design  is 
charted  (Fig  6,  again  greatly  reduced  in  size).  At  the  end  of 
Session  2  these  products  are  collected.  The  next  Session,  3,  is 
devoted  to  examination  of  a  geographically  distinct  premises  but 
essentially  the  same  design  requirements.,  the  cost  limits 
being  scaled  to  minimise  the  difference  (it  was  not  practicable 
to  balance  the  subtasks  engendered  by  different  premises  by  reversing 
this  presentation  order  but,  if  anything,  the  premises  viewed  in 
Session  3  is  more  difficult  to  protect, adequately ) .  At  the  end  of 
the  session, layout  plans  are  distributed  and  completed  for  delivery 
in  Section  4,  which  includes  a  recall  test  and  questionnaire. 

The  main  variables  ,  in  the  first  experiment,  are  an  index 
of  design  quality,  obtained  by  rating  the  properties  of  Table  B, 
an  index  of  design  similarity  based  upon  objectively  determined 
use  of  similar  /different  devices  for  similar  /different  purposes 
in  the  configuration:  The  score  profiles  for  conceptual  styie  ana  the 
designs  as  such.  The  rationale  behind  the  similarity  measure  is  that  al¬ 
though  subjects  in  Experiment  1  (from  a  training  college)  can  hardly 
be  expected  to  continue  thinking  about  a  design  over  (say)  several 
weeks,  we  can  elicit  2  cost  different  design  for  2  different  premises 
and  di'  over  the  amount  of  variation  between  them.  There  is  certainly 
a  strong  tendency  to  stereotype, even  though  there  are  different 
situations  and  costs;  as  a  result, an  index  of  similarity  should  be 
high-valued  (a  repetition  of  methods)  and  we  can  be  reasonably 
confident  that  variations  shown  up  by  a  low-valued  similarity  index 
reflect  a  real  tendency  to  diversity  in  design.  Recal 1 i ng  that  all 
designs  submitted  must  (and  are  prompted  to)  satisfy  the  minimal 
brief.it  is  evident  that  such  a  tendency  is  not  due  to  haphazard 
products. 

Of  the  26  subjects  23  completed  all  the  sessions  but  only  18 
of  these  are  included  in  the  sample  because  it  later  turned  out  that 
transgressions  of  the  minimal  brief  had  remained  undetected  in  the 
case  of  5  subjects. 

The  other  study,  Experiment  2,  employed  the  same  briefing 
materials  and  device  list  but  only  one  premises  (Sheen  Road),  was 
involved.  However,  in  Experiment  2  the  11  subjects  were  graduate 
students  and  had  an  opportunity  to  design  at  leisure  and  literally 
to  produce  as  many  alternative  designs  as  they  could.  They  were 
encouraged  in  this  pursuit  by  presenting  ,  as  part  of  their  Seminar 
series, the  solutions,  (if  reasonable)  offered  by  other  students 
in  the  class.  Here,  in  other  words,  it  was  possible  to  examine  the 
number  of  sensibly  different  designs  provided  at  leisure,  directly. 

The  results  of  these  experiments  are  interesting  ,  and  often 
contrary  to  expectation. 

Experiment  1 :  The  original  hypotheses  can  be  concisely  stated. 

It  was  predicted  that  good  designers  as  judged  by  design  quality, 
are  also  versatile.  As  a  further  hypothesis,  that  "good"  (perhaps 
versatile)  or  versatile  (perhaps  "good")  designers  would  have  more 
varied  designs. 
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Both  of  these  plausible-by-previous  work  conjectures  are 
unsupported,  if  not  denied, by  the  data. 

The  quality  of  designs,  taken  as  a  summation  over  the 
desirable  properties  in  Table  9,  has  no  statistically  significant 
connection  to  any  of  the  stylistic  test  scores, except  fact  retention 
where  there  is  a  marginally  significant  correlation  (nor,  as  a  matter 
of  peripheral  interest  to  scores  on  either  the  "embedded  figures" 
test  or  the  quite  different  "AH5  test").  Nevertheless,  there  i_s  a 
positive  correlation,  significant  at  or  above  the  5%  level , between 
one  judge's  scoring,  from  low  cost  to  low  cost  designyand  from  high 
cost  to  high  cost  design,(over  the  4  designs  )  and  between  the  judges. 
Hence,  there  are  no  grounds  for  supposing  that  the  value  scoring 
of  designs  fails  to  do  what  it  was  intended  to  do. 

Again,  contrary  to  expectation,  there  i_s  a  strong  positive 
correlation  between  versatility  score  and  design  simi lari ty, whi ch 
is  the  reverse  of  the  predicted  outcome.  On  the  other  hancf,  there 
is  a  strong  positive  correlation  between  the  overall  number  of  devices 
(those  listed  in  Table  A), and  the  versatility  score  of  a  subject. 
Similarly, there  is  a  strong  positive  correlation  between  design  sim¬ 
ilarity  and  the  comprehension  learning  score, on  the  stylistic  test. 

Dr  Robinson  and  I  were  surprised  by  these  results,  particularly 
since  Robinson's  observation  of  the  subjects'  behaviours  appeared 
to  b  in  line  with  the  original  and  quite  different  hypotheses. 

Further  ,  in  the  context  of  other  tasks,  involving  planning  and 
design, the  versatility  score  is  an  accurate  and  reliable  (though  far 
from  complete),  indicator  of  general*,  inferential  ability.  Its 
inadequacies  are  known;  for  example,  it  does  not  discriminate  between 
a!  uction/val id-analogy  construction  and  other  kinds  of  inductive/ 
deductive  reasoning.  It  is  surely  desirable  to  make  finer  discrimin¬ 
ations  of  this  kind,  but  ,  it  is  also  true  that  intruder  alarm  design 
could  and  probably  does  depend  upon  any  or  all  of  these  different  in¬ 
ferential  skills) 

Scrutiny  of  t  e  records  and  behaviour  in  greater  detail  supp¬ 
orts  the  following  hypotheses  (which  are  not  the  simple  ones  posited 
at  the  outset  but  are  much  more  complex  postulates  compatible  with 
the  original  view) . 

Versatile  subjects  formulate  and  test  their  solution  methods 
to  the  design  problem  (use  a  consistent  design  philosophy), when 
designing  intruder  alarm  systems  and  this  is  best  done,  during  a  lim¬ 
ited  interval, at  any  rate,  by  using  a  large  a  number  of  devices 
to  perform  similar  functions  .  The  devices  employed  are  changed  from 
design  to  design  but  there  is  a  coherent  pla"  (usually, only  one) 
which  is  employed  in  each  design  and  which  accounts  for  the  similarity 
of  designs, even  though  many  different  devices  are  used  or  tried  out. 

It  is  the  common  principle  or  type  of  solution  to  the  design  problem, 
(not  the  type  of  device  employed)  which  accounts  for  the  fixity  man¬ 
ifest  in  the  behaviours  and  similarity  indices  of  these  subjects. 
Within  this  group  of  subjects. those  with  a  high  comprehension  learning 
score  as  well  as  high  versatility ,  try  n>-  use  most  devices  (Table  4) 
Those  with  high  operation  learning  score  and  high  versatility  produce 
more  similar  designs.  (Table  4). 
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Vandalism  /Petty  theft  :  intruder  captured 

Vandalism/Petty  ti eft  :  intruder  detected  (and  assumed  to  be 

halted  as  a  result  of  alarm  signal) 

Major  theft:  intruder  apprehended  by  system  and  intrusion 

halted 

Espionage:  intruder  apprehended  by  system 

Espionage:  intruder  detected  by  system  and  intrusion 

halted 

False  alarm  probability  calculated  from  "and"  or  else  "or"  connection 
of  devices  with  known  false  alarm  signal  frequency 
Ease  of  access  and  priming  system  (from  outside,  given 
that  it  is  turned  on) 

Reliability  or  elegance  (redundancy  permitted  but  irrdevancy 
is  discounted) 

Cost  margin  approximation  to  cost  level ) . _ 


Table  8  :  The  criteria  employed  in  evaluating 
designs 
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Minor  correlations 


showing  consistency  of  scoring  scheme,  arc 


Marks  for  designs  on  same  premises 
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0  =  Operation  Learning,  C  = 

Comprehension  Learning,  N  =  Neutral 

Retention,  V  = 

Versat i 1 ity 

score  ,  LS  =  Learning  Style. 

(Thus  versatile  operation  learners  produce  similar  designs;  versatile 

comprehens ion 

learners  use 

more  devices) . 

Table  4 
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In  contrast,  another  group  of  subjects  is  characterised  by 
apparently  unplanned  problem  solving  and  do  not  seem  to  have  an 
appreciation  of  the  issues  involved  in  protecting  a  premises.  Sub¬ 
jects  in  this  group  have  low  versatility  scores,  and  come  up  with 
context  specific  designs,  which  differ  a  great  deal  from  subtask 
to  subtask.  There  is  a  tendency, which  is  most  prominent,  amongst 
subjects  with  low  comprehension  learning  scores, to  employ  the  same 
devices  throughout;  for  example,  reed-relays  and  magnets,  even  in 
the  high  cost-limit  design,  or  UHF  devices  in  the  low  cost  schemes, 
whatever,  in  fact,  they  have  focussed  attention  upon,  and  become 
familiar  with  at  the  outset.  The  designs  hang  together  (insofar  as 
they  are  at  all  similar),  chiefly  because  there  are  devices  common 
to  each  one. 

To  check  these  hypotheses  a  0  Analysis  (Atkin  1977a, 1977b) 
has  been  carried  out  to  determine  how,  for  each  subject,  devices 
are  related  by  designers  and  designs  are  related  by  devices  fie.  a 
structural  Q  analysis  on  the  relation  induced  by  designers  upon 
the  Cartesian  Product  Device  X  Design,  and  the  conjugate  relation 
on  Designs  x  Devices). 

Typical  data  are  shown  in  Table  5,  where,  for  reference  in 
the  computer  program  which  performs  the  Q  analysis,  4  devices  common 
to  each  design  have  been  omitted  and  the  designs  are  coded  as  N10,  N20, 
N30,  N40  .  The  statistical  data  is  summarised  in  Table- 6. 

Accordinq  to  the  revised  hypothesis  the  value  of  the  dimension 
of  a  design  simplex  in  the  simplical  complex  of  the  relation 
induced  on  devices  when  a  subject  makes  any  design  should  correlate 
positively, at  least  with  the  versatility  score  and  the  comprehension 
learning  score, (the  dimension  number"Top d‘- may  either  depend  upon 
global  appreciation  or  effective  innovation  or  both).  This  should 
also  be  true  of  the  mean  value  of  "lop  q"  as  shown  in  Table  <5.  This 
hypothesis  is  generally  supported, although  the  correlations  are 
not  significatn  for  v<  satility  score  over  the  designs  at  Sheen  Road 
or  for  comprehension  learning  score  for  the  Sheen  Road  high  cost 
design. 


Similarly,  Eccentricity  (which  is  Atkin's  index  of  topologic¬ 
al  irregulari ty)  should,  for  each  design, correlate  negatively  with 
the  operation  learning  score  (a  rule  application  skill)  and  to  a  lesser 
extent  ,  under  the  revised  hypothesis,  with  comprehension  learning 
score  and  the  versatility  score.  Again,  this  is  3enerally  true  (Table 
5)  but  the  high  cost  design  at  Sheen  Road  and  the  other  low  cost  des¬ 
ign,  are  exceptional.  However,  the  mean  eccentricity  does  behave  as 
predicted. 

There  is  no  obvious  reason  why  these  design  subtasks  are 
exceptional.  From  inspection  of  the  data  it  looks  as  though  there  is 
a  beginning  and  ending  type  of  Hawthorne  Effect.which  may  be  res¬ 
ponsible  tor  the  peculiarities. 


An  Investigation  of  Individual  Design 


Several  outstanding  questions  remain  to  be  answered. 


Subject 


Ecc  10  fee  20  Ecc  30  Ecc  40  Mean  Ecc 
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13 

-0.1 
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-0.1 
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O.C 

?18 

0.( 

N 

0 

C 

V 

[Means 

56.47 

51 .53 

69.40 

39.47 

1  SDs 

24.54 

14.75 

16.14 

21.14 

Table  6:  (a)  Rank  correlations  between  scores  on  Test  and  the  "eccentricity" 

values  as  well  is  the  mean  eccentricity. 

(b)  Mean0  and  standard  deviations  for  test  scores 

(c)  Rank  correlation  of  divisions  "Top  Q"  __ 

(d)  Means  and  standard  deviations. 
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First  of  all,  since  there  is  every  indication  that  the  weighted 
mean  quality  index  is  consistent,  why  does  it  not  correlate  with  con¬ 
ceptual  style, or  an  Informed, but  intuitive, judgement  of  excellence 
in  design  behaviour. 

Next,  do  designers  rated  either  "good"  or  "versatile" 

(and, if  "good",  then  by  what  criterion)  make  more  significantly  diff¬ 
erent  designs  or  not, since  the  modification  in  the  hypotheses 
proposed  for  experiment! (just  described)  precludes  any  direct  deter¬ 
mination  of  whether  or  not  subjects  with  a  high  versatility  score 
do  produce  more  designs. 

Experiment  2>:  Eleven  subjects  (a  graduate  class  at  Chelsea  College 
and  a  few  unregistered  students),  were  presented  with  the  design  brief 
and  the  Sheen  Road  specifications.  At  some  stage,  early  in  the  series, 
each  subject  inspected  the  Sheen  Road  premises,  in  fact.  All  subjects 
were  provided  with  25  copies  of  the  layout  charts  and  asked  to  produce 
as  many  ,  non  trivially  different, designs  as  possible,  for  both  of  the 
cost  limits,  to  record  under  what  circumstances  and  when  they  did  so 
and  roughly  how  long  it  took  to  complete  a  satisfactory  design. 

All  subjects  had  fairly  high  versatility  scores  but  quite 
varied  operation  learning  scores  and  comprehension  learning  scores 
on  the  test  for  conceptual  style  which  had  been  administered  (as  a 
routine  part  of  the  seminar  series)  before  the  design  task  was  in¬ 
troduced  .  Sensible  designs  were  compared  and  contrasted  at  the 
seminars  and  criticised  by  the  students  and  myself  in  terms  of  whether 
or  not  it  was  possible  to  break  in  and  whether  or  not  they  were 
worth  purchasing  as  real  systems. 

From  the  debate  it  soon  became  evident  that  given  that  the 
design  satisfies  a  brief  the  weighted  mean  of  design  quality  is 
neither  a  very  sensitive  or  an  appropriate  criterion  to  employ; 
a  comment  that  applies  to  any  index  of  the  weighted  mean  type.  A 
design  that  satisfies  a  brief  is  judged  according  to  varied  criteria 
all  of  which  may  belong  to  the  original  set  and  that  are, in  context, 
of  equal  legitimacy  .  Under  a  cost  constraint,  generally, under  the 
acceptance  of  the  principle  that  an  absolutely  fool-proof  system  is 
impossible,  all  the  desirable  property  values  cannot  be  maximised 
and  the  subset  employed  depends  upon  the  design  presented,  as  well 
as  the  purchaser's  view  of  the  hazards  (vandalism,  theft,  and 
confidentiality  loss,  for  example)  .  Any  "good"  design  ("good"  that 
is.by  judgement  )  ,wi 11  have  a  fairly  high  quality  value, but  this 
value  cannot  be  significantly  incremented  provided  that  only  some 
of  the  properties  are  highlighted  in  its  theme.  Notably, judging  by 
32  designs  rated  excellent, and  25  rated  more-than  brief- satisying, 
there  is  no  significant  difference  in  the  quality  assigned  to  the 
excellent  designs  and  the  acceptable  designs. 

Above  a  certain  standard,  which  is  approached  but  not  reached, 
by  satisfying  the  requirements  of  a  brief,  designs  are  judged,  in 
practice,  by  agreement  between  designer/user, or  user/other  user,and 
no *■  by  consensus.  In  this  respect, the  quality  index  is  quite  in¬ 
sens  i  tive. 
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Further,  it  looks  as  though  some  designers  can  find  an 
unlimited  number  of  solutions  to  the  high  cost  design  problem 
(the  low  cost  problem  is  much  more  restricti ve) .  there  are 
seldom  more  than  two  low  cost  designs  and  two  are  required). 

This  probably  reflects  only  concentration  upon  the  more  interesting 
and  innovative  task,  so,  as  such,  a  result  to  be  anticipated. 

There  are  many  ways  of  making  a  really  elegant  or  really  creative 
design  unle.s  the  device  costs  are  modified  and  this  study  did 
not  (at  any  rate  explicitly)  focus  upon  novel  devices  although 
a  few  were  suggested. 

It  was  possible,  in  seminar  discussion,  to  refer  back  to 
specific  designs  and  roughly  categorise  the  types  of  thinking 
employed  to  devise  them  . 

As  miqht  be  expected,  given  the  commentary  upon  leisurely 
simulation  design  in  Section  2,  the  dominant  mode  of  innovation 
involves  a  juxtaposition  of  perspectives  .  By  far  the  most  common 
juxtaposition  is  a  perspective  of  an  intruder  and  either  the  owner 
or  designer  (ie.  breaking  'into  your  own  or  some  other  person's 
system  is  an  obvious  expedient  used  by  all  subjects). 

Another  clearcut  juxtaposition  is  the  perspective  of  a  staff 
member  and  either  the  police  or  the  owner  (relevant  to  how  easy  it 
is  to  price  the  system).  These  categories  of  juxtaposed  perspect¬ 
ives  are  counted  as  "Juxt"  in  Table  7  which  shows  ,  also,  the  scores 
for  each  subject  on  the  test  for  conceptual  style.  The  category 
"Compare  design"  may  also  include  the  juxtaposition  of  perspectives 
which,  if  anything  ,  strengthens  the  case  in  favour  of  juxtapos¬ 
ition  of  perspectives  -’nd  design  by  abductive  reasoning.  "Hunch" 
is  less  determined;  thinking  described  as  "out  of  the  blue"  or 
"insight  taking  place  suddenly  when  thinking  of  a  different  topic" 

The  cateqory  "Perseveration"  amounts  to  logical  thinking,  to 
working  it  the  consequences,  or  possible  consequences,  of  an  idea. 

In  all,  102  designs  were  produced.  The  number  of  designs 
produced  by  any  one  subject  varies  greatly  but  one  subject  in  the 
group  provided  20  designs  and  several  subjects  provided  more  than 
10  of  them. 

A  cognitive  fixity  effect,  also  noted, in  the  context  of 
simulator  design, in  Section  2,  is  most  readily  exhibited  by  exam¬ 
ining  the  number  of  devices  that  are  used  and  the  temporal  progress 
of  thinking  (deemed,  by  the  subjects,  relevant  thinking)  .  An 
attempt  is  made  to  show  this  in  Table  8  which  indicates  also  the 
temporal  distribution  of  submitted  designs.  There  are  quite  large 
individual  differences  between  the  subjects  but  the  most  obtrusive 
feature  of  Table  8  is  a  marked  clustering  of  designs  into  periods 
of  fruitful  creativity  intersposed  by  periods  of  inactivity 
This  clustering  may  to  some  extent  ,  be  an  artifact  of  the  sem¬ 
inars,  but  that  is  certainly  not  the  whole  story  and  the  subjects 
generally  agreed  to  intermi ttency  upon  one  or  a  few  design  prin¬ 
ciples. 
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45 

26 

20 
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14.2 

21.8 

28.4 

19.3 

Total 

452 

568 

663 

706 

HR 
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umn  sums 

- - - 

Table  7:  Conceptual  style  test  scores  and  categories  of  thinking 
reported  by  subjects  (and  referred  to  a  particular 
design  as  an  illustration  which  is  discussed).  The 
various  categories  are  not  exclusive  (that  is,  several 
kinds  of  thinking  may  be  used  in  one  design)  but  some 
of  the  subjects  are  inclined  to  regard  them  as  though 
they  were  exclusive. 
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Table  8:  A  representation  of  progress  in  terms  of  cumulative 
designs  presented,  mean  number  of  devices  in  any 
batch  of  designs  presented  at  a  given  occasion,  the 
cumulative  number  of  different  devices  employed  in 
al  1  previous  designs,  and'  the  subject's  estimated 
hours  of  relevant  thinking  necessary.  Four  devices  are, 
as  before.excluded. 


Another  feature  of  Table  8  is  that  subjects  who  produced 
many  designs  did  eventual 1y  use  nearly  all  of  the  devices  In 
one  way  or  another!  Rfowever,  the  periodic  fixation  on  a  group 
of  devices  does  support  the  hypothesis  of  the  earlier  study 
(Section  4),  that  in  systematic  design  devices  are  rearranged 
to  typify  a  principle,  unti 1  there  is  a  radical  change  in 
principle,  bringing  fresh  devices  into  the  picture  in  )n  organ¬ 
ised  manner. 

Finally,  Fig  7  and  Fig  8  jointly  support  the  hypothesis  that 
good  designers  can  produce  many  different  kinds  of  design,  given 
the  opportunity  to  do  so  systematical ly, rather  than  haphazardly 
and  that  subjects  with  high  versatility  scores  are  likely 
to  do  so, (my  own.  convictioi  ispossibly  greater  than  the  figures 
warrant;  but  ,  for  example.  Subject  8  stopped  designing  quite 
early  .in  the  study( because  of  committment  to  other  matters). 
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for  System  Research  Ltd.,  several  dealers  are  eubaltted, 
together  with  their  representation  In  entallaent  meehee  and 
also  the  strategies  employed. 


Introduction 
8pe<*i  float  loo* 

Intruder  Alara  Devices 
Initial  Design  Cone 1 Cere t lone 
Deelgn  I  (a/b) 

Denial  ?  '  a/b) 

Variety  of  Doai^a 


atallaeat  fUAet 


.(and  pocket) 


(I)  (2)  and  (3)  materials  given 
to  subjects  as  part  of  brief 

(9)  comprises  figures  as  entail 
ment  mesh 


tiifi,-.  n.-4  pi  ivrt  •  /*»»•■»  1  S»u'or. 

Infia-Hcd  1nlri»d<T  TVtcctor 
Hi^notlc  Cont^<  l* 

Ml  oe*vlt(:i*'i 

Hlcrcvj\c  Tnlin.hr  Ih'trctor  (P"-il«vi  ) 
Micicv  ivt  Fn1ni4«T  P’lrctor  (Trwtoor) 
Key  Switch 
P.«wi  r  Supplies 
Picture  tUtt 

Telephone  (o«>9  e*Ojr  t.  Mull  i-»o* 

TV  SnrveilliiKt  Twr» 

Ultt  I'onlc  Intnwler  Selector 
Vlhr«i  Ion  hontacts 
Vin4...  Rar’  A  Crillnf 
Vliwlon  L<kV« 

VIicIm*  0*>n  Se'mi 

Varying  Rotlee 

Duan.v  ""e  lev  ini  on  Casern 

Powerful  Leap 

Diaay  Guard  Dog 

Dufflay  1tlght~vatchaan 

Latticed  Screen  0 


Si/»  •ct’i  additions 
M  li»t 


Fig  7  Subject  design  materials 


t 


3.?3)  jaialac  H&ilss 

C  '.11  .otiet:  r  .  igoa  ol% 


•  out:  id*?  of  pr-'te-ted 


pre  *i  er  to  a  port i ole  l  itnulvj*  of  eit  ir  real  or 

imaginary  ilnr  a  • n  I'itnlr..  r'tr  example: 

la)  "beware,  guard  do^", 

(b)  "Television  Burveilla.net  in  operation". 

(c)  "Auto-,  '.tie  alarn— —Police  linked". 

-prt*  per  notice . £5.00 


( toi-.r;  ‘tlnlilw  imri 

The  e~pty  outer  s-iell  or  ca.’*  or  a  t  all  .claviolou  camera 
’.'■•.■iute  a  realistic  appeara-ict  of  a  television  Burvclllaiee 
oyrtem  in  operation.  This  may  be  fitted  with  an  anti-tamper 
-evict. 

-oat;  ner  dui~v  tv  camera  (witnout  ant 1-t super  device) ..  .£5.50 
"  "  "  "  (with  "  "  "  ). .  .£7,00 


! ism!':!  iaa 

.  nov-r  j1  in  p  w  ir’i  **r-*ie-te  a  vi  >-tr*led  beam  of  li  *ht. 

It  aa»  be  fit'eti  with  a  protective  case  or  grille,  and  alto 
v  .ir.M-ta  per  device. 

roe*..*  p*.  r  Imp  (with  ca  e/grilM . £10.00 

■  "  {with  •'nr  -Tills  A  a/«ti -tamper  device) .  .£12.00 


A  collapsible  or  retractable  latticed  screen,  simile'  to  thet 
^ployed  on  sany  ebop  fronte,  nay  be  locked  in  place  in  order 
to  deny  access  beyond  to  any  intruder.  A  paae  key  switch 
(Sect.  3.13)  asy  be  fitted  in  order  to  deactivate  all  intruder 
alar*  devices  fitted  onto  and/or  beyond  the  lattleed  screen, 
in  this  way.  only  •  ‘horised  personnel  *'11  be  able  to  gain 
access  beyond  tbs  screen. 

Cost:  per  sfurt  metre  of  screes  area . £3.00 

-  pass  ksy  switch . £8.00 


Fig  8:  Design  details 


(3.?')  L*uner  *ua rd  Dor 

“tape-recorded  barMng  provide*  a  realistic  presence  of  a 
'miard  do**,  dhere  tort  than  one  do-'  is  required,  eecb 
individual  dog  ~  sou  Id  be  recorded  o  a  separn*#  track  and 
fed  t  ~i  a  e -arete  lo'>drp«a*er  for  greatest  realism.  ?or 
lmiiar  reneo  x,  t  natural  synchronization  or  correlation 
between  the  veMous  tracua  should  be  avoided. 

Cok*j  per  tape-recorder  A  one  dog  (including 

amplifier,  loudspeaker  A  nower  unit) . £25.00 

per  tane-recorder  *  two  dogs  (including 
2  a-»-aifi*re,2  loodspesterc,  power  unit) . £30.00 


f  3 . 71 )  ftim-ny  Wla^t -watchman 

The  presence  of  a.-  active  night-watchman  on  his  rounds  can  be 
simulated  by  twitching  on  the  lights  In  flrct  one  room,  and 
then  the  next.  The  securi*  *  rounds  can  be  based  on  either  a 
fixed  itinerary  or  a  random  itinerary  as  required, 
furthermore,  the  cimuleted  noveme-t  from  room  to  room  should 
f or“  A  ’'atural  or  realistic  sequence.  Thus,  for  example,  the 
night-wa*chwan  cannot  be  expected  to  sove  1O0  metres  in  s 
fraction  of  a  -second.  The  whole  process  car.  be  directed  by 
•he  Control  Unit  (Sect.  t.4). 

Cost:  per  dummy  night-watchman . £25.00 


1171  T11L  DttSlCT  :0 


9.  V 


t.ie  eal'.e  of  CPnvtnuncB,  It  will  assu-ned  ‘hat  the  coat 
of  the  •g-ieral  alarm  eyrten  (Spec,  lb,  Sect.  2.2)  will  be 
chared  hy  S.’otM  Research  Ltd.  and  two  other  occupiere 
(TJV  Ltd.  *  XT1  Ltd.)  only,  'oncequently,  It  seeas  reasonable 
^•1  the  general  alarm  system  rhould  not  only  provide  special 
protection  for  System  Reoearch  Ltd.,  but  also  that  TUV  Ltd. 
ftnd  iyj  Ltd.  should  be  favoured  to  some  extent  with  respect 
to  the  remaining  occupiere.  furthermore,  ♦.*•«•»  could  prove  a 
useful  strategy  in  ord  >’  obtain  the  participation  of  *!57V 
Ltd.  and  M  Ltd.  in  the  first  place. 

(4.2)  false  JLlarruc 

^alae  alarms  fall  into  basic  categories  — .  "unacceptable" 
ox.d  acceptable?  The  u  >  ceptable  type  can  beat  be  described 
as  a  false  alarm  tns*  inconveniences  or  annoys  unnecessarily 
either  the  police  or  the  neighbours.  Tne  number  of  such 
false  alarms  can  be  minimised  quite  easily  by  making  it  s 
necesrary  condition  that  at  least  two  intruder  detector 
devicec  be  activated  in  order  to  rale  an  otherwise 
unacceptable  alarm. 

-lie  acceptable  t  >pa  Cn-  be  bert  described  as  a 
falre  alarm  that  neivier  mconvem »rCes  net  „  noya  anybody. 

or  example,  suddenly  illumine*.  iog  tne  courtyard  with  e 
powerful  laip  nnould  enuoe  tne  nelghbo  irs  little  or  no 
<Uet.rOar.ee.  lence  t-e  activation  of  only  one  intruder 
detector  devlCe  should  be  a  surfici-,t  condition  t  ,r  raining 
\n  acceptable  alarm. 


The  combination  of  pass  key  switch  sad  entry  timer  allows  an 
authorised  person  to  enter  or  lesve  s  protsoted  premises 
without  setting  off  ♦  .»#  corresponding  Intruder  alarm  system. 
■Mao,  the  action  of  the  pass  key  switches  the  intruder  alarm 
lyitm  from  nlgbt-tUe  to  day-time  operation  and  viee-verma. 


The  graphical  representation  adopted  in  Fig. I ♦, 15, 27 » 26  le  : 
(i)  29  -  item  no.  29.  1  off 


*  25,  one  half  of  a  pair 

"  55,  t  ran  milt  ter 


■  direction  of  lsmp/oamera/mlcrowmve  detector 
•  lattioed  screen,  plan  view 


In  this  de6lgn,  the  problem  is  approached  from  art  oee-sll 
point  of  view  with  respect  to  the  Intruders.  On  the  or,*  hand, 
an  entailment  mer.h  is  developed  «• '  *he  total  natural  threat 
posed  by  the  intruders  to  ; 

(i)  the  offices  of  System  Research  Ltd. 

( >tip  la - Fig. 9 ,  l**ft  half) 

(11)  Voodville  House  in  general 

'■  Design  lb  —  Fig. 12,  left  half) 

This  can  be  further  expanded  from  the  generalised  entailment 
meeh  (Fig. II)  for  each  clan*  of  intruder. 

On  the  other  hnnd,  another  entailment  meeh  la 
devaloped  of  the  overall  counter- threat  diractad  at  the 
intruders  by  the  pereonnal  and/or  the  intruder  a: arm  system  of 

(i)  the  offices  of  System  Research  Ltd. 

(Design  la  —  Fig. 9.  right  half) 

(ii)  Voodville  Bouse  In  general 
(Design  lb  —  *v«.I2.  rlrfit  half) 

Ihe  counter-threat  can  be  eubdlvided  into  : 

(i)  the  threat  of  physical  violence 
e  g.  an  attack  by  guard  dogs 

(ii)  the  threet  of  arrest 

e.g.  alerting  the  police  before  ringing  alarm  bell. 
Finally,  the  required  alarm  system  (Design  la  -  FI*. 10. 

Design  lb  -  Fig. 15)  can  be  designed  by  ettempting  to  equate  or 


match  the  overall  counter-threat  to  the 


espontfing  total 


natural  threet  (Design  Is  -  Fig. 9  /  Design  lb  -  Fl*.I2).  In 
this  way.  it  le  hoped  to  reduce  the  final  resultant  threat  to 


a  minimuffl  appro^^hin'*  aero. 


"  1  ! 


FIG.IO 


/  Final  Aemltant  Threat 
(  -.■!  Recenrch  Ltd. 

fron  all  Intruders 


Counter-threat 
to  n) )  intruders 
fron  intruder  alarm 
system  (la)  of 
System  Research  Ltd. 


/  Total  natural  Threat 
|  to  Syetem  itecetrcn  Ltd. 
y  from  all  intruders 


Ri^ural  Tnreat  \ 
to  Syetea  Research  j 
Ltd.  frost  thlevss  y 


latural  Threat 
(  to  SyetM  Research 
Ltd.  from  vend ale 


Natural  Threat 
to  Sreteo  Research 
Ltd.  frjo  spier 


Total  Counter-threat 

to  all  intruder* 

from  Syotem  Research  Ltd. 


Counter-'hreat 
to  all  intruders 
from  personnel  of 
Systea  Research  Ltd. 


Presence  of  all 
other  personnel  of 
Wood vi lie  House 


Countei  •  ■  *»at 
to  alJ  •  .  :d»rr 

from  intn.-j-’r  alarm 
'•vpter  (la)  of 
System  Reeenrc.i  Ltd. 


r«2i 


all  items  listed  in  Sect.  5.'  d(i) 

.  dill) 

.  a.b.c, 

"  "  "  *  -  5.3 


iteaa  A  when  co-ope 

-  B  " 

.  c  • 

*  A,  B  " 

"  A,C  * 

•  B,C  " 

AB  and/or  AC 
AC  and/or  BC 


A+C  C  »  A*B 

•ating  aaonRSt  themaelvea 


BO  s  AB  and/or  BC 


FIG.  II 


FIG.  12 


IJntural  i.-irev. 
to  tm*  prerip»r 

from  a  particular 
e  Liter  of  intruder 


/  Lev»l  r>  :n*"nier 
1  l  r.tt  1 1 '  *en  :» 


,  Level  of  nopniPtlcntion  \ 

(  of  intruder  entry  ! 

V,  to-hnlquee  J 


i  A1  *  ••mV  ive  local 
I  targets  1  their  d  «**.•«»* 


n«.n 
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FIG.  13 
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FIG.  13 
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(5.2)  Design  la - DegcrlPtlon 

The  basic  layout  for  Design  la  Ip  shown  In  Pig. 14  and  Itemized 
In  Sect.  5.3.  The  intruder  alar*  cretem  can  be  regarded  ae  a 
physically  hierarchical  structure  composed  of  the  following 
lines  of  deterrent  •• 

(a)  the  first  line  of  deterrent  le  situated 
externally  -  item*  I ,2,3,4 

(b)  the  ee- -'nd  lln-  of  deterrent  nonltore  the  outer 
ehell  of  the  Syetea  Research  officee  -  items 

7  x  2,  9  x  10,  13  »  20 

(c)  the  third  line  of  deterrent  monitors  the 
general  interior  of  the  Syete*  Research  officee  - 
items  10  x  2,  9x4 

(d)  the  fourth  line  of  deterrent  presides  the 
special  aonitoring  required  by  : 

(i)  the  filing  eeblnets  -  items  13  x  15 
(11)  the  electronic  equipment  -  Items  13  *  5 
If  any  two  of  the  shows  intruder  detector  devices  should  be 
disturbed,  the  du**y  guard  doge  would  be  brought  into  actioo 
iaeredifftely.  Stoul  t^ieoti  sly,  the  police  would  be  alerted  wis 
Item  12.  However.  the  alarm  bell  would  not  be  rung  until  20 
minutes  later  in  order  to  allow  the  police  eufflclent  time  to 
surprise  the  intruder. 

The  whole  system  described  above  is  In  operation 
when  the  System  Research  officee  are  closed,  However,  during 
business  hours,  only  the  first  line  of  deterrent  le  employed. 
Then,  the  only  other  deterrent  is  the  presence  of  the  personnel 
sf  Syete*  Research  Ltd.,  and  to  a  lesser  extent  the  other 


(5.3)  Design  la  —  Parte  Met 
ltc-n  Ror  Juanti^y  J)e 


1  Warning  Hotlce  (Sect.  3.23a)  £  S.-*K> 

I  *  *  (oec‘.  3.23b)  £  5. O0 

1  "  •  (Sec* .  >.?3c)  £  5.00 

1  Dummy  Tv  Camera 

(with  antl-tanper  device)  C  7.00 

I  A  Pair  Dummy  Guard  Dogs  £  30.00 

1  External  Alarm  dell  £  35. 00 

(with  light  .%  antl-tnaper  switch) 

2  Breaking  Glare  Detector  (♦  extras)  £  52.00 

1  PaBa  Key  Switch  £  0.00 

22  Ragnetlc  Con'-nc'.e  C  2c . 00 

2  Ultrasonic  In*ruder  detector 

(range  eet  at  3-5  metres  approx.)  £  *0.00 
I  rower  3ui‘.'l ■/  r.  35. 00 

I  Telephone  Alam-I  (Sect.  3.16) 

(with  Independent  power  supply)  £  50.00 

40  Vibration  Contact  £  60.00 

1  Control  Unit  (witii  extras  1 

individually  tailored  lopic: 

Valta-e  :heck  fi  Tect  Facilities 
Entry  Ti**er 

DSL  AT  ( 2r'  min- top  f  or  ftlarfi  bell) 

OR  ( "accep*aNle"  false  ala’~>s) 

ATO  ("unaccep*n'  le"falee  alarms 
delay  between  2  inp**te  ^  X  hour)  £  50.00 
m  fo^AL .  _  ;T444.02 
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'  ;v-j;  -u-'VJ' -<«*■ 


DBSiqfl  la 


lt*"ir.  1,2,5 

on  front  "ate 


(tit)  XTZ  Ltd.  -  items  27 ,  29  x  5 
(e'  the  fifth  line  of  <Je*«*rrent  monitors  the  interior 
of  '*>e  latter  three  offices  : 

(!)  System  Research  Ltd.  -  items  *0  x  2, 

29  x  4 

(11)  TUV  Ltd.  -  items  90,  29  x  2 
'  3L11 )  XTZ  Ltd.  -  Items  30.  29 
(f>  the  sixth  line  of  deterrent  provide®  System 
Research  Ltd.  with  the  special  rac  oring 
required  for  : 

(l)  the  filing  cabinet  -  items  33  x  15 
(11)  the  electronic  equipment  -  Items  33  *  5 
If  any  two  of  the  above  in?*  der  detector  devices  should  be 
disturbed,  the  dummy  guard  doge  would  he  brooch*  nto  action 
immediately.  Simultaneously ,  the  police  wo>r  *  he  elerted  via 
Item  32.  However,  the  two  alarm  bells  would  not  be  rung  ur*ll 
??  atnutec  later  in  order  to  allow  the  police  sufficient  time 
to  surprise  the  Intruder.  The  only  exception  to  the  above  rule 
is  that  »he  disturbance  of  an?  one  microwave  intruder  detector 
w-vild  he  a  sufficient  condition  fcr  raisin*  the  alarm. 
Otherwise,  an  intruder  could  F«'*ly  enter  *he  courtyard  from 


over  *he  rcnf-tops. 

Furthermore,  the  mutual  help  oht  -  hv  ‘he  total 
Interconnection  of  all  the  Intruder  detector  devices  (Pir.T3) 
provides  a  total  deterrent  which  ••••••;  be  considerably  greater 

than  the  bade  deterrent  provided  merely  by  each  alarm  ryete* 
acting  alone  : 

basic  deterrent  *  S3  *  FF  *  C  *  TT  ♦  XX  ....(I 


(5.4)  Design  lb  —  Description 

The  basic  layout  for  Design  lb  Is  shown  In  Fig. 15  and  itemised  j 
In  Sect.  5.5.  The  special  protection  for  System  Research  Ltd. 

Is  basically  the  seme  as  Design  la.  Thua,  for  example,  the 
separate  paee  Xey  switch  and  entry  timer  allow  th*  personnel 
of  System  Research  Ltd.  to  enter  and  leer*  their  office® 
Independently  of  all  the  other  occupier®  of  Voodviils  House. 

Row,  the  personnel  of  TUV  Ltd.  and  XTZ  Ltd,  are  each  provided 
with  similar  independence  -  items  28  x  2,  36. 

Furthermore,  a  fourth  pas®  key  switch  1®  fitted  to 
the  front  gate  of  Woodville  Houes,  and  v»ery  occupier  1®  Issued 
with  a  meltable  pass  key.  This  pass  key  activates  /  deactivates 
those  intruder  alarm  devices  which  protect  Voodrlllt  Boose  la 
general,  Including  the  courtyard.  The  end  result  Is  that  Design 
lb  has  three  Individual  alarm  subsystems  as  well  ms  a  case  or 
or  gtnsral  alarm  subsystem.  Tbs  whole  system  ces  bs  regarded 
as  •  hierarchical  structure  composed  of  the  following  lines  | 

of  deterrent  :  1 

(a)  the  first  line  of  deterrent  Is  sltueted  j 

externally  -  Items  21,  22,  23 

(b)  the  second  line  of  deterrent  monitors  the  front  j 

of  Wood vi He  House  -  items  29  x  5,  27  x  2  ,  24  j 

(c)  the  third  line  of  deterrent  monitor®  the 
courtyard  of  VoodviUe  '.loupe  -  Items  24,  34,  35  *  2 

(d)  the  fourth  line  of  deterrent  monitor®  the  outer 
shells  of  the  office®  of  * 

(1)  System  Research  Ltd.  -  Item®  27  1  2, 

24,  29  x  18,  33  x  20 
(11)  TOY  Ltd.  -  Item®  27,  29  x  4 . 


r 

1 

i 


total  deterrent  »  53  ♦  FF  ♦  C  ♦  TT  ♦  XX  * 

PS  ♦  3T  ♦  SX  *  FT  ♦  FX  *  TX  ...,(2) 
The  whole  system  described  above  ir  in  operation  when  the 
whole  of  Woodvlile  House  1®  closed.  During  normal  business 
hours ,  only  Items  21,  22,  23,  ?4  x  3,  are  employed.  Then, 
the  only  other  deterrent  Is  the  presence  of  the  personnel  of 
Voodviiie  House. 


36 


" 

5 1  V 

.ur_L:-- 

Lis» 

rUfc ix 

■iufi  m*  :• 

Description 

21 

I 

Ji.ning  IJ.**ice  (Sect.  ’ .  ^:i ) 

£  5.0*3 

22 

I 

“  i>Sect.  3.23t») 

f  *v.oo 

25 

1 

(Sect.  3.2  .<•) 

/  5.00 

2  \ 

3 

Dummy  Tv  Oa^era  ( ♦a.Ui -taoper  dev.) 

£  21.00 

2? 

3 

A  2:*ir  o*  Du.v;.y  Guard  Dog* 

£  90. '«i 

2  j 

2 

uxtcrn.nl  Aioro  Bell 

(♦  li  lit  A  tamper  rwitch) 

£  70.00 

27 

Fronting  Glare  V‘ecto~  (♦  extras) 

£256.00 

2 a 

4 

Pass  »ey  Switch 

£  32.00 

?•) 

39 

Magnet i-  Tontacte 

^  39.00 

33 

l 

■Jlrroro  ii  r  intruder  Detector 

( mge  set  at  >.5  metres  i  nrot. ) 

£160.00 

31 

I 

?ow  ■'  Supply 

£  35.00 

■*2 

1 

Telephone  Alarm-2  (Sect.  3.16) 

(♦  independent  power  supply) 

£  50.00 

V* 

40 

VI oration  ’o-»act 

£  60.00 

31 

2 

Dummy  Iflftfct-vatchnan 

£  25.00 

y  2  Microwave  Intruder  Detector  (outdoor, 

ra-'T*  20m,  **ec  wi**h  Cm,  extras  )  £150.00 

l  Jonr'l  On  it  (♦  e-  ’  rnr  l  lo»ic: 

.'olta.e  7hcc!c  .t  Test  ?acilit»e:. 

4  Lntry  Timerr  *  Dummy  Hight-watchman 
DJLA'f  (20  ■niau’.ot  for  ainrn  belle) 

OR  ('ft  ;ceptajle«fal.-  <?  alnruE) 

/OIL1  l "unaccept sole"  false  nlnrmr. 

•join-  2  i  u;«t  ^  I  h?ur)  £  50.00 

TOTAL  1953 .5o 


(6.2)  Pea lai  2(a/b) - Basic  Strategy 

In  this  design,  the  problem  ia  approached  in  a  piecewise 
manner  from  the  point  of  view  of  the  property  that  has  to  be 
protected.  An  entallment  mes*-  is  developed  of  the  total 
danger  to  each  class  of  property  and  the  individual  protection 
required  to  reduce  this  danger  to  a  minimus  approaching  sero 
for  the  following  premises  t 

(1)  the  offices  of  System  Research  Ltd. 

16)  eg£I8SJS_UZfel  (tempi  2»  -  ’6.17,18) 

(11)  Voodville  House  in  general 

(Design  2b  -  Fig. 21 , 22,23,24) 

the  protection  provided  (Design  2a  -  Fig. 20  /  Deeign  2b  -  Fig. 26) 
prevents  th#  intruder  from  reaching  hie  goal  by  s 

(l)  either  physically  preventing  hie  passage 
e.g.  window  bars/grillee 

(ii)  or  Immediately  alarming  him  Into  instant  flight 
e.g.  euddenly  being  spot-lighted  by  a  lamp. 

Finally,  the  required  alarm  system  (Design  2a  -  Fig. 19  / 

Deeign  2b  -  Fig. 25)  can  be  designed  by  suaning  up  the  number 
of  devices  required  to  satisfy  the  Individual  protection  for 
each  class  of  property.  It  nhmild  be  noted  that  there  nay  be 
considerable  overlap  between  any  two  groups  of  individual 
protection.  Thie  should  be  expln‘t*d  in  order  to  reduce  system 
redundancy  end  system  cost. 
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(Deuign  2a) 


FIG.  16 


(Design  2a J 


FIG.  17 


b 


i 
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(Design  2a) 


FIG.  18 
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FIG.  19 


( Design  2* ) 


FIG.20 


(Daaign  FIG.  20 
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(Design  ?b) 


FIG. 21 


!  Deeign  2b) 


FIG.  2  2 


(Daaign  2b) 


FIG.  2  3 
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FIG.  2 5 
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physical  prevention ,  Pig.  26  ( 11 ) 


Illumination, Flg.?6(ll 1 ) 


personnel  of  Woodvllle  House 


( Design  2b) 


FIG.  2  5 


( Deoign  2b) 
3y»ooI| 


FIG.26 


(Design  2b) 


FIG.26 


PI*. 25 


(6.2)  J«n*n  ia  — Pmrtmwi 

The  basic  layout  for  Design  2s  l»  shown  in  rig. 27  and  Itemised 
In  Sect.  6.3.  The  intruder  elans  system  commences  with  two 
lines  of  defence  which  are  common  to  all  the  o octants  of  the 
System  Research  offices  : 

(a)  the  firet  line  of  defence  physically  prevents 
entry  -  items  42,50 

(b)  the  second  line  of  defence  detects  Intrusion 
into  the  general  interior  of  the  System  Research 
offlcea  -  items  45  x  22,  46  x  2,  49  x  8 

lbs  filing  cabinets  are  protected  by  two  more  lines  of  defames  t 

(c)  the  third  line  of  dsfsnos  phy sloally  prevents 
passage  to  filing  cabinet a  -  items  43,  49  x  2 

(d )  the  fourth  line  of  dsfsnos  detects  say  unauthorised 
tempering  with  the  filing  cabinets  -  items  49  x  15. 

The  electronic  equipment  ie  protected  by  two  similar  lines  of 
dofence  i 


(e) 


(f) 


Equating  the 
PU>  > 

**t  B)  ^ 

*<d> 


the  third  line  of  defence  physically  prevents 
passage  to  the  electronic  equipment  -  Items  49, 

49  x  2 

the  fourth  lime  of  defence  detects  any  unauthorised 
tampering  with  the  electronic  equipment  ~  it erne 
49  x  5 

above  with  Plg.19.2o,  it  can  be  smma  that  t 

a  ♦  b  ♦bb  +o  ♦  cc  ♦  cb  ♦  cd  ♦  bd  ♦  dd  . (3) 

a  ♦  b  ♦  bb  ♦  e  ♦  ee  ♦  eb  ♦  ed  *  bf  ♦  ff  . (4) 

a  ♦  b  ♦  bb  (5) 
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The  •••  sign  ie  replaced  by  •  ^  *  because  the  total 
Interconnection  of  all  the  lntrudar  dat®ctor  davlcaa 
considerably  enhances  the  individual  protection  of  any  on# 
class  of  property. 

If  any  one  of  the  above  intruder  detector  device#  should  be 
disturbed,  the  front  of  the  System  Research  offices  would  be 
Illuminated  immediately  by  the  powerful  lamp,  tf  any  two  of 
the  above  intruder  deteetor  device#  ahould  be  disturbed ,  then 
immediately  the  alarm  bell  would  be  rung  and  the  polio# 
alerted.  It  1#  hoped  that  the  effect  of  the  powerful  lamp 
and/or  the  alarm  bell  would  shock  moot  Intruder#  Into  lnstent 
flight. 

The  whola  system  described  above  ie  In  operation  when  the 
System  Research  offloee  are  closed.  However,  during  business 
hours,  the  only  llnee  of  defence  employed  are  (A), If)  and  the 
two  looked  latticed  screen#  of  (o)  and  (e).  The  disturbance 
of  any  two  Intruder  detector  devices  oontalned  In  (A)  and  (f) 
*111  immediately  ring  the  alarm  bell  and  alert  the  polios. 

The  only  other  defence  consists  of  the  personnel  of  System 
Research  Ltd.,  and  to  a  leaaer  extant  the  other  personnel  of 
Voodvtlle  House.  The  pass  key  switch  of  Item  45  allows  alarm- 
free  access  to  the  filing  cabinets  (or  the  electronic 
equipment)  by  authorised  personnel. 


t  . 


System  Research  Ltd.  -  are  each  fitted  with  a  separate  paee 
key  switch  and  entry  timer.  Thus,  the  personnel  of  each  of  the 
above  three  offices  can  come  e- 1  <r>  quite  Independently,  both 
of  each  other  and  of  any  other  r  '>pler. 

furthermore,  a  pass  key  switch  le  fitted  to  the  front  gate  of 
Voodvllle  House.  Rvery  occupier  ie  issued  with  a  suitable  pass 
key  In  order  to  activate/deactivate  those  intruder  alarm 
devices  which  only  protect  Voodvllle  House  in  general, 
including  the  oourtyai-d.  The  end  result  Is  that  Design  ?b  has 
three  lnd  -pendent  individual  alarm  eub-eyetems  as  well  as  a 
general  alarm  eub-syatsu. 

From  Sect.  6.2,  the  Individual  protection  for  the  System 
Research  offices  can  be  restated  In  terms  of  Sect.  6.5  ae  t 

(a)  items  62.  70 

(b)  "  65  x  22.  66  x  2,  09  x  B 

(c)  "  65,  69  x  2 

(d)  -  69  x  15 

(e)  "  65.  69  x  2 

(f)  "  69  x  5 

The  general  protection  of  Woodvtlle  House  -  oosaon  to  all  the 
occupiers  -  consists  of  two  lines  of  defence  t 

(g)  the  first  line  of  defence  physically  prevents 
entry  from  the  main  road  -  Items  70  M  ^ 
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There  are  basically  three  Ingredients  which  together  constitute 


the  equation  of  this  particular  project  : 


(1)  the  premises  to  be  protected 


(11)  the  intruders 


(ill)  the  total  Intruder  alarm  system  -  including  the 


The  corresponding  entailment  aesb  is  shown  In  Flg.29,  where 


all  possible  interconnections  are  depicted.  Immediately,  It 


la  clear  that  the  problem  can  be  regarded  from  three  sepmrmte 


points  of  visw  which  glee  rise  to  three  basic  designs  i 


(1)  Design  Z  (Sect.  9)  -  from  the  point  of  Tin  of 


the  Intruders 


(11)  Design  2  (Sect.  6)  -  from  the  point  of  Ties  of 


the  unprotected  promisee 


(ill)  Design  9  -  from  the  point  of  view  of  the  alarm 


Bach  of  the  abort  desire  (Sect.  7.1)  can  be  approached  in  at 


least  two  different  ways  > 


(1)  an  or trail  approach,  e.g.  Design  Z  (Saot.  9). 


This  la  equi talent  to  solring  one  large  all- 


embrac'.ng  formula,  resulting  In  one  total 


solution  (Fig. 31, 30) 


(11)  a  plteewiee  approach,  e.g.  Dsslffk  2  (Sect.  <). 


nils  Is  equlralent  to  eolrlng  a  number  of 


mailer  simultaneous  equations,  romultlag  la  a 
oeUeotlon  of  lndlridual  aolutloms  (ftg.Jt,33). 


I 
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Fig.  9 


(Design  lb) 


FIG.  31 


Pig. 12 

(Poraula  for  ) 
(VoodrlXIc  Rouse) 


Flg.II  Pig. II  Pig. II  Pig.I3 


{ Pomli  for  ) 

(B/itM  Bessarab  ltd.) 


(thieree)  (vend ala)  (spies) 


(total  eolation) 
( for  Bjrsten  ) 
(Besearch  Dtd.  ) 


(Design  2s) 


FIG.  32 


Pig. i? 


pig. i® 


Pig. 16 

( equation  for)  (equation  for)  (equation  for) 
(filing  )  (electronic  )  (all  other  ) 
(cabinets,  k  )  (equipment.  B)  (eontente,  C  ) 


Pig. 19 


(individual  solutions) 
(  for  k,  B,  0  ) 


(•*i»Uo»  fer)  (.qu.tloc  for)  (•qumtlon  for)  (.qu.tlon  for) 

Sjoto*  )  (  JOT  U4..T)  (  III  W4..X)  (root  of  ) 

(Uoou-oh  )  (Voodolllo  ) 

(it*.,  a  )  \  i  (boboo,  b  ) 


(individual  aolutioaa) 
(  for  8,  T,  X.  ¥  ) 


Fig. 26(1) 

(polio*  ) 
U  balls) 


(phyeloal  ) 
(prevention) 


Pl<. 26(111) 

( 111  uni  nation) 


FIG.  34 


a)  (a)  (i)(« 


A  ■  aora  o as pi ax  alarm  function 
0,9  m  alapla  alarm  function 
b.B.a.H.L.K.V.7  •  intrudar  alara  davloaa 


It  should  b#  noted  that  Fig.  30, 31, 32. 33  ara  aerely  bleak 
dlafraaa  -  not  ant  ailment  aaabaa  -  shlofc  demonstrate  tba 

relationship*  batvaan  aarllar  dla crass  (Fig. 3-13  aad  Fig. 16-26) 
However.  It  la  interesting  to  not*  th*  basic  graphical 
dlffaranoa  batvaan  Fig. 30, 31  and  Fig. 32, 33  : 

(a)  th*  ovarall  approach  forma  an  hierarchical 

atruotur*  la  th*  shape  of  an  upright  pyramid  arlth 
th*  all -embracing  formula  as  ths  focal  point  at 


(b)  th*  plaoavla*  approach  place*  th*  collect ion  of 
Individual  aolutioaa  at  a  central  focal  point 
vlth  bran aba*  in  all  direct Iona. 

This  tsnda  to  aaggaat  that  ths  plsosvlss  approach  is  th*  lass 
rigid  structure  of  the  two  -  with  greater  Interaction  between 
all  the  parts.  Finally ,  it  oan  be  aa*m  that  tba  deal#*  problem 
apaciflad  in  8*ot.  2  may  be  solved  In  not  sarely  three,  bat  at 
least  six  different  ways. 


From  Sect.  7.2  a  aeourlty  consultant  may  ohooa*  batvaan  nix 
solution*  -  analogous  to  alx  forms  of  software.  However,  there 
ax  lata  an  even  greater  variety  of  hardware  -  for  example,  the 
Intruder  detaotor  device*  listed  in  5*ot.  3  -  with  which  to 
laplement  the  desired  solution.  A  brief  consideration  of  Fig. 
34  aooo  damonatratea  that  aa  th*  eomplaxlty  of  an  Intrudar 
alarm  systaa  lncreaaaa,  so  doss  th*  nuabsr  of  poaslbls  ways  of 
implementing  it.  Thus,  for  example,  the  elmple  alarm  functions 
0,9  can  aach  be  described  In  only  two  ways  -  Fig. 34(1)  -  and 


th*  nore  complex  alarm  function  A  In  only  on*  way.  However, 
the  *nd  result  la  that  A  can  b*  implemented  In  four  ways  - 
Fig. 34(11).  Consequently ,  It  can  ba  ssan  that,  for  an 
increasingly  complex  alarm  syataa.  th*  number  of  possible 
hardware  Implementations  la  limited  only  by  th*  total  nuabsr 
of  possible  useful  combinations  of  the  varioua  intruder  alarm 


Appendix  1  Design  Brief 


Design  Brief 


Introduction 

You  are  to  participate  in  a  series  of 
experiments  being  carried  out  in  order  to 
investigate  individual  differences  in  approach 
and  methods  in  electronics  design. 

During  the  course  of  a  number  of  design 
sessions  you  are  expected  to  produce  a  working 
prototype  unit  conforming  to  the  design 
specification . 

During  each  design  session  you  will  be 
observed  by  an  experimenter  and  at  intervals  there 
will  be  some  discussion  and  analysis  of  the  work 
done . 


As  far  as  possible  you  should  carry  out 
the  design  task  as  you  would  in  your  normal  working 
environment.  You  will  be  provided  with  a  log  book 
in  which  you  should  keep  a  complete  record  of  your 
work . 


The  following  materials  are  provided. 

(a)  Design  specification  for  an  educa¬ 
tional  simulator  to  be  used  in  an  A  level  chemistry 
course . 
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(b)  Relevant  chemistry  texts  to  provide 
background  information. 

(c)  Texts  on  electronic  theory  and 
applications  relevant  to  the  design  task  (in  the 
red  folder ) . 

(d)  Operating  instructions  for  a  special 
purpose  hybrid /analogue  computer,  the  "Design 
Laboratory"  which  is  to  be  used  to  test  the 
prototype  design. 

If  you  feel  that  any  of  the  materials  or 
facilities  provided  are  inadequate  or  unduly 
restrictive,  please  say  so.  You  are  free  to  enter 
into  discussions  with  the  experimenter  at  any  time 
during  the  sessions. 


4  7 


[ 

Design  Specification 


Summary 


You  are  required  to  produce  a  circuit 
design  and  working  prototype  for  an  educational 
simulator  to  be  used  in  an  "A"  level  chemistry 
course.  The  simulator  is  to  be  used  to  illustrate 
concepts  in  reaction  kinetics  and  equilibrium. 
Students  should  be  able  to  use  the  simulator  to 
explore  the  behaviour  of  a  reacting  system  under  a 
wide  range  of  reaction  conditions.  The  device  should 
also  allow  the  teacher  to  set  up  specific  problems 
to  be  solved  by  students.  The  user  display  and 
control  interfaces  should  be  given  careful  consid¬ 
eration  and  you  are  expected  to  incorporate,  in  the 
prototype,  any  user  controls  which  you  consider 
necessary . 


You  may  assume  that  the  unit  is  to  be 
manufactured  using  small  scale  production 
facilities  for  a  cost  of  approximately  £200  per 
device.  You  should  take  into  account,  at  the 
appropriat  :  stages  in  design,  constraints  relating 
to  the  following  factors:  cost,  size,  and  weight 
(the  unit  is  to  be  portable),  ruggedness  and 
maintainability.  Tr-deoff  between  versatility  of 
the  simulator,  its  reliability  and  cost  are  open 
to  discussion. 

The  cost  is  estimated  in  terms  of  modular 
components  given  in  the  cos'  table  and  the  number 
of  modular  interconnections  counted  as  those 
established  by  plugging  up  operations  on  the 
front  part  of  the  design  laboratory  (these  are 
priced  by  the  connection  cost  units  in  the  cost 
table ) . 
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COST  TABLE 


Modular  Components  Cost 

( £  units) 

Integrator  with  Run/Reset/Hold  modes 
of  operation  and  buffered  output  3.5 

Analog  multiplication  module  based  on 

XR2208  operational  multiplier  5 

Analog  division  module  based  on 

XR2208  operational  multiplier  5 

Analog  squaring  module  based  on 

XR2';08  operational  multiplier  5 

Summing/subtracting  operational 

amplifier  1 . 5 

Exponential  function  amplifier 

(antilog  function)  5 

Comparator  2 

+  15v  power  supply  unit  with  +  lOv 

reference  voltage  outputs  “  15 

4  pole  3  way  rotary  switch  .5 

Control  potentiometer  .5 

lOv  display  meter  5 

Run/Hold/Reset  cycle  control  module  2 

Module  interconnection  cost  .5 
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Outline  of  Simulator  Operation 


The  idealised  form  of  a  chemical 
reaction  is  expressed  by  a  so-called  "Stoichiometric 
Equation".  The  underlying  ideas  are  that  chemical 
molecules  of  different  kinds  (symbolised  as  A,B..,) 
react  to  produce  other  chemical  molecules  (symbolised 
C , D , . . . )  and  that  molecules  are  distinct  entities 
that  combine  in  proportions  denoted  N.  ,  N„  ....  or 
Nc ,  ND  ...  The  reactions  to  be  simulated  have  a 
maximum  of  2  reactants,  A  and  B,  and  2  products, 

C  and  D.  The  reaction  is  represented  by  the 
stoichiometric  equation. 

na  a  +  nb  B  -  Nc  c  +  nd  d 

Where  Na ,  Ng,  Nc ,  Ng  are  known  as  "stoichiometric 
coefficients"  which  may  take  values  0,  1,  2. 

It  is  assumed  that  the  reaction  takes 
place  inside  an  insulated  reaction  vessel  and  that 
there  is  no  appreciable  volume  change. 

Chemical  reactions  involve  thermal 
energy  changes  (heat  is  produced  by  the  reaction 
or  heat  is  required  by  the  reaction  for  it  to 
proceed).  Hence  the  temperature  inside  the  reaction 
vessel  will  usually  change.  However,  it  would  be 
possible  to  maintain  a  predetermined  temperature 
by  the  action  of  a  thermostat,  which  should  form 
n  optional  (used  or  not  used)  part  of  the 
simulator . 
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In  reality  there  are  vast  numbers  of 
molecules  of  type  \ ,  B,  C,  D,  and  it  is  possible 
to  determine  their  concentration  or  amount  per 
unit  volume  which  is  symbolised  by  QQ,  a 7,  &J> 
For  the  simulator  the  front  panel  meters 
display  the  concentrations  of  reactants  and 
products,  the  temperature,  and  the  amount  of  heat 
removed  from  or  supplied  to  the  system  by  the 
thermostat . 

Typically,  th  student  will  be  investi¬ 
gating  the  following  features  of  the  reaction  : 

(a)  Reaction  Profiles:  Plotting  graphs  of 
concentration  versus  time  for  reactants  and/or 
product^  measuring  reaction  rate. 

(b)  Reaction  Order,  Rate  Expression, 

Rate  Constant :  Determining  (or  verifying)  reaction 
order  by  using  various  graphical  techniques, 
determining  the  rate  f"  oression  and  rate  '-ons^ant 
for  a  reaction. 

(c)  Rate  of  Reaction  and  Temperature: 
Investigating  the  way  in  which  reaction  rate  varies 
with  temperature.  Determining  values  of  (yet  to  be 
specified  quantities)  'activation  energy'  and 
'frequency  factor'  from  graphs  and  interpreting 
these  quantities  in  terms  of  theoretical  models  for 
a  reaction. 
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(d)  Equilibrium  Constants:  Determining 
equilibrium  constants  for  a  reversible  reaction, 
generally  exploring  the  properties  of  the 
equilibrium  state.  Examining  the  relationship 
between  equilibrium  constant  and  temperature  and 
the  overall  energy  change  for  the  reaction 
("enthalpy  change",  in  the  literature). 

The  student  is  also  to  be  encouraged  to 
consider  the  overall  relationships  between  macro¬ 
scopic  and  microscopic  properties  of  a  reacting 
system  and  to  suggest  possible  mechanisms  and 
models  for  the  simulated  reactions. 

The  simulator  is  to  have  the  following 
mode  controls  : 

Reset :  Initial  concentrations,  temperature  etc  may 
be  set  using  the  controls  on  the  display  panel. 

Run:  The  simulated  reaction  takes  place.  The  time 
scale  is  arbitrary  but  should  allow  the  student 
sufficient  time  to  take  a  series  of  meter  readings 
for  the  purpose  of  plotting  graphs.  The  time  scale 
should  also  be  chosen  so  that  equilibrium 
conditions  are  established  reasonably  rapidly. 

Hold :  At  any  time  during  the  course  of  a  reaction 
the  reaction  may  be  halted  and  meter  readings 
compared . 
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Detailed  Specification 


Stoichiometry  and  Rate  of  Reaction 

The  idealised  form  of  a  reaction  is  given 
by  a  "stoichiometric  equation".  The  general 
"stoichiometric  equation"  for  the  simulated 
reaction  is  : 


V  +  nbb  =  NcD  +  ndd 

Where  ...  may  take  values  0,  1,  2  with  the 
restriction  that  the  com'' inations  of  values 
"Na  =  2  and  N0  =  2"  or  "Nc  =  2  and  =  2"  are  not 
allowed  (a  simulator  limitation). 


The  rate  of  reaction  may  be  defined  in 
such  a  way  that  it  does  not  depend  on  the  substance 
chosen  to  express  the  rate  : 


Rate 


1  d  fVJ  =1  d  £dJ 


N, 


dt 


N. 


D  dt 


=  zi  d  DO  =  zl  d  jfitf 

NA  “dt  NB  “dt 


(Recall  that  the  bracketed  terms  represent 
concentrations  of  reactants  or  products,  ie.  amount 
of  substance  per  unit  volume  (the  units  used  in  the 
text  material  is  mol  dm-^)). 

Plots  of  concentration  versus  time  for 
a  reaction  are  known  as  reaction  profiles  (Fig  Al). 
One  method  of  determining  reaction  rate  at  a  given 
instant  is  to  measure  the  slope  of  a  tangent  to  the 
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raww? Z 


W  JWIWF  W 


1st  order  reaction 


reaction  profile  curve. 

Reactions  that  go  in  one  direction 

In  an  idealised  world  some  reactions  go 
in  one  direction  only;  for  example,  their  form  can 
be  expressed  by  N^A  +  NgB  — ^  products.  Again  in 
an  idealised  world  the  rate  of  a  one  directional 
reaction  (conventionally, a  "forward"  reaction)  can 
be  expressed  as  a  function  of  concentrations )  of 
the  form  : 

A  F  -  Kf  M  k 

For  a  reaction  with  stoichiometry  : 

NaA  +  NgB  products 

A  F  “  forward  reaction  rate 
[b]  =  concentrations  of  products 

Kj,  =  forward  rate  constant 

VA  =  "order  of  the  reaction"  with  respect 
to  A 

=  "order  of  the  reaction"  with  respect 
to  B 

V,  and  Vn  are  normally  integers  with 
values  0,  1  or  2, 

The  sum  V,  +  Vg  is  known  as  the  (overall) 

"Reaction  Order", 

The  simulator  is  deliberately  restricted 


Where 

OJ 
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to  accept  only  integer  values  of  order  coefficients: 

For  any  simulated  reaction  VA  =  NA  and 
Vg  =  Ng,  ie.  the  order  of  the  reac  ion  wi t h  respect 
of  any  reactant  is  equal  to  the  stoichiometric 
coefficient  for  that  reactant.  This  restriction 
means  that  all  simulated  reactions  are  'elementary 
reactions',  ie.  occur  in  a  single  step.  No  real 
reactions  conform  to  this  restriction  and  it  is  a 
useful  approximation  for  only  a  few  of  them  used 
for  demonstrations.  However,  the  notion  is  useful 

(a)  Because  a  suitably  connected  array  of 
simulations  would  approximate  the  truth,  and 

(b)  Because  the  expedient  of  writing 
equations  of  other  than  integral  order  permits  a 
mathematical  rate  prediction  (which  has  no  direct 
physical  interpretation)  that  is,  all  the  same, 
quite  accurate.  The  mathematics  is  best  learned 

as  mathematics.  Chemists  have  a  confusing  brand  of 
double  talk  in  which  VA .  Vg,  ...  are  "reaction 
orders"  distinct  from  NA,  Ng  ...  "the  number  of 
molecules  involved". 

The  rate  equation  for  a  reaction  may  be 
written  in  differential  form  (using  the  definition 
of  rate  given  above).  In  many  cases  the  differential 
rate  equation  can  be  solved  to  give  an  integrated 
rate  equation  which  gives  an  expression  for 
concentration  as  a  function  of  time.  For  example  : 


No  real  reaction  proceeds  always  (under 
all  conditions)  in  one  direction  only.  Very  often 
the  approximation  is  too  unrealistic  and  the 
simulator  is  to  be  capable  of  demons l rating  the 
dynamics  of  reactions  in  which  both  forward  and 


5  7 


Ln  /A/ 
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reverse  reactions  occur  (there  are  forward  and 
reverse  rates  X  and  \  there  are  forward  and 
reverse  rate  constants  and  K^).  For  the  general 
reaction  : 


NaA  +  NbB  ^  NCD  f  NdD 
Forward  Rate  Expression  : 

X  p  =  kf  A7na  /bJnb 

p  =  forward  rate 
Kp  =  forward  rate  constant 

NA  } 

}  =  stoichiometric  coefficients 


Reverse  Rate  Expression  : 

X  R  =  Kr  /t7Nc  /D7ND 
=  reverse  rate 

=  reverse  rate  constant 

Nr  ) 

) 

)  =  stoichiometric  coefficients 
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Net  Rate  : 


net 


zl  dfAj  =  -1  d/E J  =  1  d[C]  =  1  d/T )J 

N  -  n  -  N  -  N  - 

A  dt  iNB  dt  C  dt  iMD  dt 


Equilibrium  constant  and  A  H  (enthalpy  change 
in  the  literature) . 

At  equilibrium 


Forward  rate  =  reverse  rate 

Kp  A7Na  /VNB  =  kr  /£7nc  /t>7Ni) 

Kp  _  /t/NC  /DJND 
kr  £AJna  ^7nb 


This  agrees  with  the  "equilibrium  law"  which  states 
that  for  a  reaction  with  the  stoichiometry  : 


N  A  +  N„B  =  N„C  +  N-D 

A  d  C  U 

The  equilibrium  constant,  K  =  /bJN D 

CXJ^\  /T3Jnb 

Variation  of  Rate  Constant  with  Temperature 

The  rate  constant  for  a  reaction  is 
normally  re  In  ted  to  temperature  by  an  expression 
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known  as  '.he  Arrhenius  Equat  ion  : 


For  a  forward  reaction 

-  e/ 


Kp  A  p  o 


Whore  =  forward  rate  constant 


Ap  =  forward  ’frequency  factor’ 

♦ 

Ep  =  forward  'activation  energy' 

R  =  gas  constant 

T  =  temperature  (°K) 

The  equation  may  also  be  written  : 


In  Kp  =  In  Ap  -  Ep 


For  a  reverse  react i^n 


KR  ARe 


Where  KR  =  reverse  rate  constant 


Ar  =  reverse  'frequency  factor’ 


Er  =  reverse  'activation  energy’ 
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li  =  gas  constant 

T  =  temperature 

i he  equal  on  may  also  be  written 


In  K  =  In  A 
K  u 


E 


* 

R 


R'l 


The  parameters  A  and  E*  may  be  related 
(rather  tenuously)  to  1  collision 'models  for  reacting 
molecules  in  which  T  is  the  mean  kinetic  energy. 


For  a  given  reaction  it  is  assumed  that 

9fc  jf: 

Ap  and  AR ,  Ep  and  F.R  are  constant  but  the 
simulator  must  ”be  capable  of  simulating  reactions 
with  a  range  of  valu<  ;  for  A  and  E*  . 

However ,  we  do  not  assume  that  Kp  and  KR 
necessarily  change  in  the  same  way  for  any  change 
of  t<  mperature  as  below. 


Energetic  Changes  in  a  Reaction  Vessel 

The  picture  of  chemical  reactions  painted 
for  an  A  level  student  is  certainly  incomplete, 
but  is  adequate,  in  special  cases  at  any  rate,  to 
bring  the  energe* ic  changes  that  occur  as  a  result  of, 
or  as  a  prerequisite  for,  chemical  reactions  which  are 
register  with  classical  thermodynamics. 


Roughly,  the  reaction  vessel  contains 
molecules  of  reactants  and  products  in  motion. 
Chemical  reactions  involve  the  making  and  breaking 
of  (covalent)  bonds  between  these  atoms,  of  which 
these  molecules  are  made  up  with  the  caveat  that 
in  order  to  react  it  is  at  least  necessary  that 
reactant  molecules  are  in  the  same  region  of  space. 

In  general,  bond  breaking  gives  out  thermal  energy 
as  heat,  bond  making  absorbs  thermal  energy;  the 
mean  kinetic  energy  of  the  entire  system  of 
molecules  is  given  by  the  (absolute)  temperature. 

If  heat  is  given  out  as  an  overall  result  of  a 
reaction  it  is  exothermic  (  A  H  is  negative),  if 
heat  is  absorbed  the  reaction  is  endothermic  (AH 
is  positive)  and  there  is  a  possibility  of  overall 
balance  (  A  H  is  zero);  so  the  convention  goes. 

The  total  energy  may  be  partitioned  in 
various  ways  into  kinetic  and  potential  components 
(the  potential  component  being  associated  with  an 
organised  configuration,  for  ex  mple,  of  a  molecv  o). 
However,  since  reactions  take  place,  the 
distribution  is  not  static.  Moreover,  the  molecules, 
even  if  not  reacting,  can  be  said  to  have  various 
varieties  of  dynamic  bond  energy  (the  bonds  have 
vibrational,  rotational,  energies  and  the  like). 

In  principle,  however,  we  may  plot  an  abstract 
surface  of  minimal  potential  energy  for  the  system, 
and  if  projected  onto  a  line  this  surface  is  called 
the  "reaction  coordi  .ate" ( it  is  the  otherwise 
mysterious  horizontal  axis  in  pictures  like  Fig  A3, 
representing  'he  overall  energetics  of  a  reaction; 
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the  plot  of  eiv  '-gy  (E)  vertical  1  y  again:. t  this 
mysterious  re ■  otion  coordinate). 

The  frequency  f  actors  A^,,  A^ ,  of  a 
reaction  do,  roughly,  represent  the  frequency  of 
collision  between  molecules;  with  slightly  greater 
verisimilitude  the  frequency  with  which  molecules  of 
reactant  are  in  a  condition  to  react,  ie.  spend  long 
enough  time  in  close  proximity  to  exchange  energy 
(given  the  relaxaf  ion  times  of  the  rotational 
and  vibrational  kinds  of  energy,  as  well  as  their 
energy  of  motion),  to  form  a  complex  which  is 
transitional  (an  "activated  complex"  in  the 
literature).  Similarly,  the  activation  energies 
E  * ,  E  *  refer  to  the  additional  energy  molecules 
of  reactant  must  have  in  order  to  form  an  "activated 
complex"  and  possibly  react  .  Recall  that  "collision" 
(ie.  "being  in  the  same  neighbourhood")  is  a 
prerequisite  for  reaction;  it  does  not  guarantee 
a  reaction. 


Students  are  required  to  demonstrate  and 
to  model  the  heat  (enthalpy)  change  for  reactions 
at  a  given  temperature . Thus  the  HEAT  IN/OUT  meter 
should  indicate,  in  the  right  sense  (but  with  arbitrary 
but  reasonable  scaling)  the  amount  of  heat  removed  from 
or  supplied  to  the  reaction  vessel  during  thermo¬ 
statically  controlled  (constant  temperature)  reactions. 
The  temperature  display  indicates  the  absolute 
temperature  of  the  reaction  vessel.  For  reactions 
carried  out  with  the  "thermostat  off"  the  temperature 
display  should  indicate,  again  in  the  right  sense 
but  with  arbitrary  scaling,  the  change  of  temperature 
inside  the  reaction  vessel  due  to  the  enthalpy 
change  for  the  reaction. 

The  enthalpy  change  for  the  reaction  is 
defined  as  follows. 


64 


A  H  (at  temp.  T)  =  "The  amount  of  heating  or 

cooling  done  by  a  thermostat 
in  order  to  compensate  for 
either  (a)  heat  absorption  by 
an  endothermic  reaction  (in 
bond  formation),  or  (b)  the 
heat  emitted  in  an  exothermic 
reaction  (by  bond  breaking). 

Where  A  H  s  given,  graphically,  as  a 
difference  in  Fig  A3. 


:ome  Classical  Thermodynamic  Considerations 

The  free  energy  change  of  a  reaction, 

A  G,  is  obtained  (if  there  are  means  for 
determining  the  entropy  change  of  a  reaction,  as  a 
well  specified  change  in  organisation  of  the  overall 
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system)  from  the  temperature,  T,  and  the  enthalpy 
change  &  II.  Thus 

Change  in  Free  Energy  Ag  =  Ah  -  T  A  S 

where  ^  H  =  Enthalpy  change  as 
before 

S  =  Change  in  enthalpy 
of  entire  system 
T  =  Absolute  temperature, 
as  before 

Usefully,  the  relationship  between  the 
Equilibrium  Constant  K  and  the  absolute 

eq  A 

temperature  is  given  in  terms  of  cA  G.  Thus 

A  G  =  -RT  Log  K. 

eq 


Since  the  simulator  is  restricted  to 


elementary  reactions  the  relationship  between 


K  and  temp  may  be  derived  as  follows 

“m. 


R  T 


K 

eq 


K 


F 


KR 


Ar  e 


(Arrhenius 

— 5 -  functions  for 

-E  R  forward  and 

— ^ -  reverse  rate 

constant) 


therefore  : 
Ln  K 

eq 


<E  F  -  E  R> 
RT 
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*  *  A 

But  Ep-ER=  OH  (Fig-  A3),  the  enthalpy  change 
for  the  reaction. 


Therefore 
Ln  K 

eq 


A  H 

RT 


and  students  are  required  to  investigate  the 

variation  of  K  with  T*  and  the  variation  of  rate 

eq 

constant  with  T  as  defined  by  the  Arrhenius  function 
(Figs  A4  and  A5 ) . 
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Fig  A4:  Variation  of  rate  constant  with 

tempera*  ure  (any  reasonable  scaling) 


H  W 


Interconnection  of  Simulations  to  Simulate  Complex 
React  ions 


At  a  later  stage  in  the  project  we  plan 
to  extend  the  simulation  of  reactions  to  include 
'complex'  reactions,  ie.  reactions  occurring  as  a 
combination  of  elementary  reactions  in  parallel 
and/or  series.  This  is  to  be  achieved  by  the  inter¬ 
connection  of  a  number  of  the  type  of  simulator 
described  in  this  specification.  When  simulations 
are  interconnected  the  resulting  system  should 
exhibit  more  complex  rate  equations  typical  of  many 
non-elementary  chemical  reactions. 

The  simulator  design  should,  therefore, 
incorporate  a  means  of  connecting  with  other 
simulators  in  a ’ series/parallel  arrangement.  It  is 
intended  that  the  simulated  complex  reaction  should 
take  place  in  a  reaction  vessel  with  a  single 
thermostatic  temperature  control,  ie.  only  one 
thermostat  and  display  will  be  required.  Impedance 
and  voltage  level  standards  are  open  to  discussion. 


Programming 

The  production  model  of  the  simulator 
should  be  capable  of  being  programmed  with  values 
of  stoichiometric  coefficients.  Arrhenius  para¬ 
meters  etc  using  a  plug  in  card  or  similar  device. 
This  is  intended  to  allow  the  teacher  to  set  up 
specific  problems  on  the  simulator.  The  physical 
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means  for  programming  the  simulator  need  not  be 
incorporated  in  tl  >  prototype  but  the  designer 
should  take  the  programmability  requirement  into 
account  where  appropriate  in  the  circuit  design. 


Simulator  Controls  and  Displays- 

You  are  provided  with  a  panel  containing 
most  of  the  essential  displays  and  controls  : 

Concentration  Meters:  Display  values  of  concentra¬ 
tion  for  reactants  A,  B  and  products  C,  D. 

Stoichiometric  Coefficients:  LEDs  indicating  pre¬ 
set  values  of  stoichiometric  coefficients 

N  N  N  M 
A ’  B’  C’  D' 

Temperature :  Indicates  temperature  of  reaction 

vessel  ( °K ) .  The  range  of  temperatures  displayed 
by  the  meter  is  to  be  specified  as  part  of  the 
design.  If  the  thermostat  switch  is  in  the  'ON' 
position,  the  temperature  is  to  remain  reasonably 
constant.  If  the  thermostat  is  switched  off  the 
temperature  should  change  in  the  appropriate 
direction  as  the  reaction  proceeds.  The  temperature 
may  be  an  arbitrary  function  of  extent  of  reaction 
provided  the  temperature  increases  if  the  reaction 
is  exothermic  and  decreases  if  the  reaction  is 
endothermic . 
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Heat  IN/OUT:  When  the  reaction  temperature  is 
thermostatically  controlled  heat  will  be  removed 
from  the  reaction  vessel  or  supplied  depending  on 
whether  the  reaction  is  exothermic  or  endothermic. 
Again,  the  amount  of  heat  may  be  an  arbitrary 
function  of  extent  of  reaction. 

Set  Initial  Concentrations:  Controls  which  allow 
initial  values  of  reactant  and/or  product  concentra¬ 
tions  to  be  established  when  the  simulator  is  in 
the  reset  mode. 

Add  Reactant  A,  Remove  Product  C:  These  push 
buttons  simulate  the  effect  of  adding  more 
reactant  A  or  removing  some  of  product  C  while  the 
reaction  is  taking  place.  This  facility  is  useful 
for  demonstrating  the  tendency  of  a  reaction  at 
equilibrium  to  return  to  equilibrium  (vith  the 
same  value  of  K  )  if  the  equilibrium  is  disturbed. 

Reset,  Run,  Hold:  Controls  on  the  lower  panel  of  the 
analogue  computer  unit.  These  switches  control  the 
mode  oi  operation  of  the  integrated  circuits. 

Stoichiometric  coefficients:  Four  rotary  switches 
on  the  lower  panel  labelled  N^,  Ng,  ,  Ng. 

Additional  Controls/Displays 

In  addition  to  the  displays  and  controls 
provided,  the  prototype  simulator  should  incorporate 
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the  following  controls  : 

(a)  Arrhenius  Function  Parameters: 

* 

Potentiometers  to  establish  values  of  A  and  E  for 
forward  and  reverse  reactions. 

(b)  Switches  which  allow  the  rate  constants 
to  be  set  manually  (using  potentiometers)  or 
computed  using  the  Arrhenius  equation. 

(c)  Monitoring  sockets:  Forward  and 
reverse  rate  constants, Ah. 

i  Any  additional  controls  or  monitoring 

sockets  considered  useful,  either  to  the  potential 

I  user  or  to  facilitate  simulator  testing,  should  be 

* 

i  included  in  the  protoiype. 

Performance  Requirements 

It  is  difficult  to  quantify  the  require- 
■  ments  for  simulator  ccuracy  needed  to  produce  an 

i 

!  effective  tutorial  device.  Accordingly,  the  follow¬ 

ing  performance  guidelines  are  provided  : 

(a)  Given  input  parameters  set  to  produce 
I  an  nth  order  reaction  a  graph  of  concentration  of  a 

reactant  or  produce  versus  time  should  give  the 
appropriate  reaction  profile.  The  order  of  the 
reaction  as  determined  by  the  use  of  either  the 


nr* 


rm»  -r  s» 
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integrated  rate  equation  or  the  initial  rates  method 
should  bo  unrni stakeably  nth  order. 


(b)  For  any  given  setting  of  input 
parameters  the  value(s)  obtained  for  the  rate 
constant  (from  graphs)  should  be  predictable  and 
repeatable . 

(c)  The  rate  constant  should  approximately 
double  for  every  10°  Kelvin  rise  in  temperature 

and  plots  of  Log.  (rate  constant)  vs  (Temp)-^  should 
be  linear. 


(d)  If  the  Activation  Energy  parameter, 

* 

for  either  forward  (E  _)  or  reverse  reactions 
*  11 

(E  H),  is  increased  then  the  rate  constant  (K^  or 
K{{)  should  decrease. 

(e)  If  the  frequency  factor  (for  the 
forward  reaction);  AD  (for  the  reverse  action);  is 

K 

increased  then  or  K_  should  increase. 

r  ft 

(f)  If  E  R  then  the  enthalpy  change 

for  the  reaction  (  /\H=Ep-ER)is  negative 

and  the  reaction  is  exothermic. 

$  * 

IT  E  r  then  the  enthalpy  change  is 

positive  and  the  reaction  is  endothermic. 

(g)  Observed  values  of  the  equilibrium 
constant  for  a  reaction  should  agree  with  expected 
values  (according  to  the  "equilibrium  law")  to 
within  typical  margins  of  experimental  error  (10%). 
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(h)  The  equilibrium  constant  for  a 
reaction  should  increase  with  temperature  rise  if 
the  reaction  is  endothermic  and  decrease  with 
temperature  rise  if  the  reaction  is  exothermic. 
Graphs  of  Log  (equilibrium  constant)  vs. 

(Temp)-^  should  be  linear. 
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Appendix  2 

MANUAL  FOR  PROGRAMMING  DF  G l GN  TASK 


Mamin  L  for  Programming  Design  Task 

This  manual  dose r i  bes  the  BASIC  variables  res¬ 
erved  for  actuating  displays  and  leading  controls  on 
the  reaction  kinetics  console;  BASIC  statements 
and  functions  and  a  number  of  useful  routines 
(which  act  as  special  fund  ions )  t  for  example, 
in  teg  ni  ten  and  means  for  obtaining  real  time 
values  st  that  the  display  con  change?  with  time 
in  a  suitable  manner  for  depicting  the  progress 
of  a  chemical  reaction. 

Further  information,  either  about  the  programming 
langauge,  or  about  physical  chemistry  is  available 
on  request  .  t hough  the  manual  is  sufficiently 
informative  for  you  to  satisfy  the  program  design 
spec i f i ca  t i on . 

i )  Reserved  Variables 


Programming  Task  Variables 

Vari ab 1 e 

Range 

Concentrations .  Reactant  A 

Ml 

0-255 

B 

M2 

0-255 

C 

M3 

0-255 

D 

M4 

0-255 

Initial  Concentration  A 

Nl 

0-255 

B 

N2 

0  255 

C 

N3 

0-255 

D 

N4 

0-255 

Time  (Simulation  Time) 

0-255 

St.ocli  tometri  c  Coef  f  icients 

Reactant  A  LI 

o, 

1 

or 

2  (  a  1 1  x 

50) 

R  L2 

0, 

1 

or 

2  (all  x 

50  ) 

C  L3 

0, 

1 

or 

2  (all  x 

.  50) 

I)  1,4 

0  . 

1 

or 

2  (all  x 

.  50 ) 
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Temperatures 


Initial  temperature 

T0 

0-255 

Reaction  vessel 
t  (  '.  perature 

T1 

0-255 

Thermostat  on /off 

T2 

0  or  1 

(both  x  50) 

Arrhenius  Fucntion  Parameters 

PF 

PI 

0  255 

PR 

P2 

0-255 

Qp 

Q1 

0-255 

% 

Q2 

0-255 

Rate  Constant  s 

K  ( forward ) 

K1 

0-255 

K  (reverse) 

K2 

0-255 

K  manual  or  compute  (forward) LI 

0or  1 

(both  x  50) 

K  manual  or  compute  (reverse)  L2 

0or  1 

(both  x  50) 

Heat  (Enthalpy  Change) 

An 

HI 

If 

H2 

Additional  reactant  variables 

Add  Reactant  A 

L5 

+  1  - 

+  100 

Subtract  R<actant  C 

LB 

-1  — 

-100 

Mode  Control  number  i npu t. 

J1 

1,  2, 

3,4  ( a  1 1  x 

(Reset.,  run,  hold,  repent  ) 


50) 


(hi  The  following  c  l  riels  from  the  ('ED  BASK'  manual 
summarise  tin  BASIC  statements  and  functions. 


Section  3 

ELEMENTS  OF  THE  LANGUAGE 


3.1  INTRODUCTION 

A  BASIC  program  consists  of  one  or  more  BASIC  lines.  A  BASIC  line  consists  of  a  line 
number  followed  by  a  BA  IC  statement,  and  terminated  by  a  non-printing  carriage 
return  character.  A  line  number  consists  of  from  one  to  four  decimal  digit:;  in  the 
range  of  1  to  9999,  and  is  used  to  establish  the  order  of  the  lines  in  a  program. 

BASIC  statements  are  executed  in  the  ascending  order  of  their  line  numbers  beginning 
with  the  lowest  numbered  executable  statement  and  proceeding  through  successively 
higher  numbered  executable  statements  except  where  specifically  directed  otherwise  by 
control  statements  such  as  GOTO,  IF,  or  GOSUB.  When  writing  a  BASIC  program,  it  is 
advisable  to  number  BASIC  lines  by  fives  or  ten3  to  allow  for  the  possible  later 
insertion  of  new  lines. 

A  BASIC  statement  is  made  up  of  a  sequence  of  keywords,  operands,  and  operators. 

A  keyword  is  a  sequence  of  letters  having  special  significance  to  the  system.  In  the 
statement  definitions  in  Section  4,  they  are  shown  in  capital  letters.  Examples  of 
keywords  are  PRINT,  INPUT,  and  LET. 

An  operand  is  a  variable,  a  constant,  or  a  function  reference.  During  execution  of  a 
BASIC  pr>  .tarn  an  operand  has  a  value  which  is  a  positive  or  negative  real  number 
whose  magnitude  is  either  zero  or  in  the  approximate  range  2.71  x  10"2°  to  9.23  x 
1018.  This  provides  more  than  six  decimal  digits  of  accuracy. 

Space  characters  may  be  freely  used  anywhere  in  a  BASIC  line  to  improve  the  appearance 
and  readability  of  the  BASIC  program. 


3 . 2  CON:  TANTS 

A  constant  is  an  item  whose  value  is  always  defined  during  execution  of  a  program. 
Constants  may  be  expressed  as  integers,  decimal  numbers,  or  in  exponential  format, 
i.e.,  a  decimal  number  times  some  power  of  ten.  A  constant  consists  of  a  sequence  of 
digits  possibly  containing  a  decimal  point  (.),  and  possibly  followed  by  a  decimal 
expone  t  consisting  of  the  letter  E,  an  optional  sign,  and  one  or  two  digits,  in  that 
order.  The  following  are  examples  of  constants: 

7  Integer 

325  Integer 

2.6  Decimal  number 

3.14  Decimal  number 

. 000314E+4  Decimal  number  in  exponential  format 

314E-02  Decimal  number  in  exponential  format 
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3 . 3  VARIABLES 


A  variable  is  an  item,  represented  by  a  symbol,  that  may  be  assigned  a  value.  A 
simple  variable  is  either  a  letter  or  a  letter  followed  by  a  digit.  A  subscripted 
variable  is  a  letter  followed  by  one  or  more  expressions  enclosed  in  parentheses;  if 
multiple  expressions  are  used,  they  are  separated  by  commas.  For  example: 


A 
B2 
X  C  3 ) 

E (A*3) 

J (Y2 , 1+5) 


Simple  variable 
Simple  variable 
Subscripted  variable 
Subscripted  variable 
Subscripted  variable 


3 . 4  FUNCTION  REFERENCE 

A  function  reference  consists  of  a  three  letter  function  name  followed  by  a  parenthe¬ 
sized  list  of  arguments.  If  there  is  more  than  one  argument  they  are  separated  by 
commas.  The  number  of  arguments  supplied  in  a  function  reference  must  agree  with  the 
number  of  arguments  supplied  in  the  function  definition.  Reference  to  a  function 
produces  a  value  which  in  general  is  dependent  on  (i.e.,  a  function  of)  the  current 
values  of  the  arguments.  The  system  supports  both  user-defined  and  system-defined 
functions  as  described  in  section  6. 


3.5  OPERATORS 

An  operator  is  a  symbol  used  in  forming  an  expression.  There  are  two  types  of  opera¬ 
tors  as  listed  below: 


ARITHMETIC  OPERATORS 


Symbol 

Example 

Meaning 

+ 

A+B 

Addition 

- 

A-B 

Subtraction 

* 

A*B 

Multiplication 

/ 

A/B 

Division 

_ ’ _ , 

AfB 

Exponenti ation 

RELATIONAL  OPERATORS 

Symbol 

Example 

Meaning 

< 

A<B 

A  less  than  B 

> 

A>B 

A  greater  than  B 

<= 

A<=B 

A  less  than  or  equal  to  B 

>= 

A>=B 

A  greater  than  or  equal  to  B 

s 

A=B 

A  equal  to  B 

<> 

AOB 

Z  not  equal  to  B 

Operators  are  said  to  operate  on  operands;  more  precisely,  they  operate  on  the  current 
values  of  the  operands. 


3.6  EXPRESSIONS 


An  expression  is  a  sequence  of  operands  and  operators,  possibly  grouped  by  paren- 
• heses.  An  operand  standing  by  itself  is  an  expression,  and  if  E  and  F  are  expres¬ 
sions  and  @  is  any  operator,  then  E  @  F,  (E) ,  +E,  and  -E  are  also  expressions. 


3.7  EXPRESSION  EVALUATION 

Within  an  unparenthesized  expression  the  order  of  evaluation  is: 

•  Exponentiation 

•  Multiplication  and  division 

•  Addition  and  subtraction 

•  Relationals 

Within  a  sequence  of  consecutive  operators  of  the  same  type,  evaluation  is  from  left 
to  right. 

Parentheses  may  be  used  to  override  this  basic  rule  for  order  of  evaluation.  Parenthe¬ 
sized  portions  of  expressions  are  evaluated  first.  Nested  parenthesized  groups  are 
evaluated  beginning  with  the  inner-most  grouping,  working  outward. 

All  expression  evaluation  is  done  in  standard  floating-point  form  as  defined  above. 
When  a  pair  of  operands  is  operated  on  by  a  relational  operator,  the  result  is  either 
one  or  zero  depending  on  whether  the  relation  is  true  or  false,  respectively. 

The  following  table  shows  examples  of  expressions  and  the  values  that  would  result 
from  their  evaluation.  It  is  assumed  that  the  operands  X,  Y,  and  Z  have  the  value  4, 
3.14,  and  -2.7,  respectively. 


Expression  Value 


X  4 

Z+7  4.3 

-2  -2 

SGN(Z)  -l 

INT (Y+ABS (Z+l) )  4 

Xt2*Z+Y  -40.06 

Xf2* (Z+Y)  7.04 

X<Y<Z  0 


Note  that  relational  operators  are  not  restricted  to  use  in  IF  statements.  For 
example,  the  statement 

LTT  X  ■  5*(Y>0)  +  4*  (Y<=0) 

may  be  used  to  substitute  for  a  sequence  of  several  statements. 


4 . 1  INTRODUCTION 


(> 


Section  4 
BASIC  STATEMENTS 


This  section  defines  the  general  form  and  operation  of  the  BASIC  statements.  Section 

4.2  defines  those  statements  included  in  both  the  BASIC-1  and  BASIC-2  Systems,  whereas 
section  4.3  defines  the  statements  that  are  only  applicable  to  BASIC-2  Systems. 

In  the  following  presentation  of  the  general  form  of  each  BASIC  statement,  the 
following  conventions  apply: 

1.  Elements  in  capital  letters,  such  as  FOR,  THEN,  and  GOSUB,  are  required  and  must 
appear  exactly  as  shown.  (Exception:  see  LET  description.) 

2.  Elements  in  lower-case  are  supplied  by  the  user. 

GOTO  line  number 

3.  Square  brackets  surrounding  an  element  of  the  language  indicate  that  the  element 
is  optional  and  may  be  included  or  omitted  at  the  user's  option. 

INPUT  variable  [, variable] 

4.  A  right  square  bracket  followed  by  an  ellipsis  (...),  indicates  that  the  enclosed 
element  may  be  omitted  or  repeated  an  arbitrary  number  of  times. 

DATA  constant  [[,  constant]  ... 


4.2  BASIC-1  STATEMENTS 

The  BASIC-1  language  consists  of  18  statements.  There  are  two  classes  of  statements: 
Executable  and  non-executable. 

Non-executable  statement*  are  used  to  specify  data  items  and  functions  to  be  used  in 
a  program,  or  to  include  comments  concerning  the  purpose  or  operation  of  a  program. 
The  non-executable  statements  include: 

DATA  -  used  to  introduce  a  constant,  or  a  series  of  constants,  into  a  program. 

DIM  -  used  to  reserve  storage  space  for  arrays. 

DEF  -  used  to  specify  user-defined  functions. 

REM  -  used  to  include  program  descriptive  remarks. 
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Executable  statements  control  the  input  and  output  of  data,  the  evaluation  of  mathe¬ 
matical  formulas,  and  the  control  of  the  program  flow.  Executable  statements  include 

READ  -  used  to  select  constants  from  DATA  statements  and  assign  their  values  to 
the  variables  supplied  in  READ  statements. 

INPUT  -  used  to  accept  data  from  the  input  device. 

PRINT  -  used  to  output  formatted  data  to  the  output  device. 

RESTORE  -  used  to  permit  DATA  statement  constants  to  be  re-used. 

LET  -  used  to  assign  a  value  to  a  variable. 

GOTO  -  used  to  branch  to  a  specified  statement. 

GOSUB  -  used  to  call  a  subroutine. 

RETURN  -  used  to  return  from  a  subroutine. 

FOR  -  NEXT  -  used  in  combination  to  define  a  program  loop. 

IF  -  THEN  (or  IF  -  GOTO)  -  used  for  conditional  branching. 

ON  -  used  to  conditionally  select  the  next  statement  for  execution  based  on  the 
evaluation  of  an  expression. 

STOP  -  used  to  return  the  system  to  the  command  mode. 

END  -  used  to  signify  the  end  of  program  execution. 


4.2.1  READ  Statement  (Executable) 

The  READ  statement  is  used  in  conjunction  with  DATA  statements  to  permit  the  assign¬ 
ment  of  constants  to  variables  as  a  program  is  executed.  The  general  form  of  the 
READ  statement  is: 

READ  variable  £,variablej . . . 

For  each  variable  in  the  list  the  next  constant  is  obtained  from  the  consolidated 
DATA  statement  list;  it  is  converted  to  internal  floating-point  form,  and  the  result¬ 
ing  value  is  assigned  to  the  variable. 


4.2.2  DATA  Statement  (Non-Executable) 

The  DATA  statement  is  used  to  introduce  a  constant,  or  a  series  of  constants,  into  a 
program.  The  general  form  of  the  DATA  statement  is: 

DATA  signed  constant  [.signed  constant]... 

DATA  statements  establish  a  sequence  of  values  to  be  accessed  by  the  READ  statements 
in  the  program.  There  may  be  any  number  of  DATA  statements  in  a  program,  each  con¬ 
taining  any  number  of  constants  (within  the  constraints  imposed  by  the  length  of  a 
BASIC  line) .  When  the  last  constant  in  a  DATA  statement  has  been  accessed  by  a  READ 
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statement,  the  next  constant  accessed  by  the  same  or  a  different  READ  statement  will 


be  the 

first 

constant  in  the  next  DATA  statement 

10 

DATA 

1,  -2,  1.25 

20 

READ 

A,  B,  C,  D,  E 

30 

DATA 

50 

40 

READ 

F,  G 

50 

READ 

H 

60 

DATA 

20.0E3 ,  0. 155E-10,  252 

70 

END 

In  the  preceding  example,  the  READ  statement  at  line  20  will  assign  the  values  1,  -2, 
1-25,  50,  and  20,000  to  the  variables  A,  B,  C,  D,  and  E.  The  READ  statement  at  line 
40  will  assign  the  values  0.155  E-10  and  252  to  the  variables  F  and  G.  The  READ 
statement  at  line  50  attempts  to  access  a  value  after  the  last  constant  in  the  last 
DATA  statement  has  been  used.  The  BASIC  System  will  then  return  an  error  message, 
terminate  program  execution,  and  return  to  the  command  mode. 


4.2.3  RESTORE  Statement  (Executable) 

The  RESTORE  statement  permits  the  re-use  of  DATA  statement  constants.  The  general 
form  of  the  RESTORE  statement  is: 

RESTORE 

Execution  of  this  statement  causes  the  series  of  constants  defined  by  the  DATA  state¬ 
ments  of  the  program  to  be  re-used.  That  is,  the  first  value  obtained  by  the  logic¬ 
ally  next  READ  statement  will  be  derived  from  the  first  constant  in  the  physically 
first  DATA  statement  in  the  program. 

Example : 


10 

DATA 

0.1 

20 

READ 

A,B 

30 

PRINT 

A.B 

40 

RESTORE 

50 

READ 

E,F 

60 

END 

The  variables  E  and  F  will  be  assigned  the  values  0  and  1,  respectively. 


4.2.4  INPUT  Statement  (Executable) 

The  INPUT  statement  is  used  to  enter  data  from  the  input  device  while  a  program  is 
running.  The  general  form  of  the  INPUT  statement  is: 

INPUT  variable  £ , variable] . . . 

When  an  INPUT  statement  is  executed,  the  system  prints  a  prompt  character  at  the 
user's  terminal  to  indicate  that  it  is  ready  to  accept  a  line  of  data.  The  user  then 
may  type  in  one  or  more  constants  formatted  exactly  the  same  as  specified  for  the 
DATA  statement  (but  without  the  keyword  DATA) ,  followed  by  a  carriage-return  char¬ 
acter.  The  system  then  converts  the  constants  into  internal  floating-point  form  and 
assigns  the  resulting  values  in  order  to  the  variables  listed  in  the  INPUT  statement. 
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If  the  user  supplies  fewer  constants  than  there  are  variables,  the  system  prints 
another  prompt  character  and  waits  for  another  line  of  data.  If  the  user  supplies 
more  constants  than  there  are  variables  in  the  INPUT  statement,  the  extra  constants 
are  ignored. 

Example : 

INPUT  XI,  X2,  L  ( 1)  ,  L (2) ,  L<3) 


4.2.5  PRINT  Statement  (Executable) 

The  PRINT  statement  is  used  to  output  formatted  data  on  the  output  device.  The 
general  form  of  the  PRINT  statement  is: 

PRINT  [print  element]... 

If  there  is  no  list  following  the  keyword  PRINT,  a  line  is  skipped  on  the  user’s 
terminal.  If  there  is  a  list,  the  items  in  it  are  formatted  as  described  below  and 
printed  on  one  or  more  lines  on  the  user's  terminal. 


4.2.6  LET  Statement  (Executable) 

The  LET  statement  is  used  to  assign  a  value  to  a  variable.  The  general  form  of  the 
LET  statement  is: 


LET  variable  =  ([variable®]  ..  .expression 


The  expression  on  the  right  is  evaluated  and  the  resulting  value  becomes  the  current 
value  for  each  of  the  variables  appearing  tc  he  left  of  an  equals  sign. 

Examples : 

10  LET  X=4+Z1 

20  LET  A(1)=A (2 ) =0 

30  LET  W=X=Y+Z 

40  LET  W=X+Y=Z 

Note  that  in  line  30  the  second  equals  sign  acts  as  a  replacement  (assignment) 
operator,  whereas  in  line  40  the  second  equals  sign  acts  as  a  relational  operator. 

Expressions  appearing  as  subscripts  are  evaluated  before  any  value  replacements  are 
done.  For  example,  if  the  current  value  of  J  is  4,  the  assignment  statement 

LET  X  ( J-l) =J=  3 

will  replace  the  value  of  X(3),  not  X(2). 

For  the  operator's  convenience,  the  word  "LET"  may  be  omitted  when  typing  in  a  LET 
statement.  This  is  handled  internally  as  follows:  Since  each  statement  normally 
begins  with  a  keyword  of  two  or  more  consecutive  alphabetic  characters,  and  since  in 
a  LET  statement  the  variable  which  follows  the  word  "LET"  must  be  of  the  form 

A= 

or  A(l,2)= 
or  A$= 
or  AS (1 ,2)« 

none  of  which  begin  with  two  alphabetic  characters,  the  statement  processing  logic 
assumes  that  any  statement  which  begins  with  an  alphabetic  character  followed  by  a 
non-alphabetic  character  is  a  LET  statement  with  the  word  "LET"  omitted.  When  this 
situation  is  encountered,  the  internal  processor  inserts  the  four  characters 


into  the  line  where  the  first  alphabetic  character  was  encountered.  Thus  a  subsequent 
listing  of  such  a  line  will  appear  with  the  word  "I£T"  inserted. 

Example : 

*100  A-1.2 
*200  END 
♦LIST 

100  LET  A=l. 2 
200  END 


4.2.7  GOTO  Statement  (Executable) 

The  GOTO  statement  is  used  to  unconditionally  alter  the  sequence  of  statement  execu¬ 
tion.  Tne  general  form  of  the  GOTO  statement  is: 

GOTO  line  number 


I 


When  control  reaches  a  GOTO  statement  during  the  execution  of  the  user's  program, 
control  is  unconditionally  transferred  to  the  statement  having  that  line  number. 

Example: 

10  INPUT  X 

20  PRINT  EXP  (X) 

30  GOTO  10 
40  END 

Execution  of  this  program  converts  the  user's  terminal  into  a  device  which  auto¬ 
matically  types  out  the  value  of  ex  each  time  a  value  (X)  is  typed  in. 

4.2.8  GOSUB  and  RETURN  Statements  (Executable) 

The  GOSUB  and  RETURN  statements  give  the  BASIC  language  a  subroutine  capability.  The 
general  form  of  the  GOSUB  and  RETURN  statements  is : 

GOSUB  line  number 

RETURN 

Execution  of  a  GOSUB  statement  transfers  control  to  the  specified  line  number. 
Execution  of  a  RETURN  statement  sends  control  to  the  first  executable  statement 
following  the  most  recently  executed  GOSUB  statement  for  which  a  RETURN  has  not  yet 
been  executed. 

Example: 

10  LET  X=5 
20  GOSUB  60 
30  LET  X=7 
40  GOSUB  60 
50  STOP 
60  LET  A (I )  =X 
70  LET  1=1+1 

80  RETURN 

Subroutines  may  also  be  nested;  i.e.,  subroutines  may  contain  calls  to  other  sub¬ 
routines.  Such  nesting  can  be  carried  to  any  level.  The  following  example  illus¬ 
trates  subroutine  nesting  with  a  shared  RETURN  statement. 

20  GOSUB  30 

25  STOP 

30  LET  X=5 

31  LET  Y=7 

32  GOSUB  40 

33  LET  X=X  2 

34  LET  Y=Y  2 

35  GOSUB  40 

36  LET  X=X*5 

37  LET  Y=Y*9 

40  PRINT  X,Y 

45  RETURN 


t 
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4.2.9  FOR  and  NEXT  Statements  (Executable) 


The  FOR  and  NEXT  statements  are  used  to  specify  the  beginning  and  ending  points  of 
program  loops.  The  general  form  of  the  FOR  and  NEXT  statements  is: 

FOR  simple  variable=expression  TO  expression  [STEP  expression] 

NEXT  simple  variable 

The  FOR  statement  in  conjunction  with  the  NEXT  statement  provides  the  user  with  a 
convenient  mechanism  for  defining  program  loops  in  which  a  simple  variable  varies 
linearly  as  the  loop  proceeds.  The  association  between  FOR  and  NEXT' statements  is 
established  by  the  identifier  of  the  simple  variable.  FOR  and  NEXT  statements  must 
be  paired  within  a  program,  and  the  set  of  statements  through  which  control  passes 
between  them  is  called  the  range  of  the  FOR  statement.  Referring  to  the  first, 
second,  and  third  expressions  in  the  FOR  statement  as  X,  Y,  and  Z,  respectively,  X 
is  the  first  initial  value  of  the  simple  variable  for  the  first  execution  of  the 
range,  z  specifies  the  value  to  be  added  to  the  current  value  of  the  simple  variable 
each  time  control  reaches  the  associated  NEXT  statement.  If  Z  is  missing  from  the 
FOR  statement  a  value  of  +1  is  used.  If  Z  is  specified,  it  must  be  preceded  by  the 
keyword  STEP.  Then  if  the  quantity  (Y-X)/Z  is  not  less  than  zero,  control  is  passed 
to  the  first  executable  statement  following  the  FOR  statement;  otherwise,  control 
passes  to  the  first  executable  statement  following  the  NEXT  statement.  The  values 
used  are  the  ones  obtained  when  the  FOR  statement  is  first  encountered.  The  range  of 
the  FOR  statement  is  always  executed  at  least  once  even  if  the  quantity  (Y-X)/Z  is 
less  th  m  zero  to  start  with. 

The  following  is  ar.  example  of  nested  FOR  statements: 


10 

DIM 

A (20 ,20) ,  B (20, 10) ,  C(10,20) 

20 

FOR  I  = 

1  to  20 

30 

FOR  J  = 

1  to  20 

40 

LET 

A ( I , J) =0 

50 

FOR  K  = 

1  to  10 

60 

LET 

A(I,J)=A(I,J)+B(I,K) *C(K,J> 

70 

NEXT  K 

80 

NEXT  J 

90 

NEXT  I 

100 

END 

4.2.10  IF  Stateme nt  (Executable) 

The  IF  statement  is  used  to  provide  a  conditional  program  branch.  The  general  form 
uf  the  IF  statement  is: 

IF  expression  THEN  line  number 
or 

IF  expression  GOTO  line  number 

When  an  IF  statement  is  executed,  the  expression  is  evaluated  and  interpreted  as  a 
logical  value.  If  the  value  is  Lalse,  control  is  transferred  to  the  next  executable 
statement.  If  the  value  is  true,  control  is  transferred  to  the  statement  having  the 
specified  line  number.  A  value  of  z-'»o  is  false;  any  non-zero  value  is  true. 
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The  expression  usually  takes  the  form  E@F,  where  @  is  one  of  the  relational  operators, 
and  E  and  F  are  expressions. 

10  INPUT  X 

15  IF  X<=0  THEN  30 

20  PRINT  LOG  (X) 

25  GOTO  10 

30  PRINT  "POSITIVE  VALUES  REQUIRED" 

35  GOTO  10 
40  END 


4.2.11  ON  Statement  (Executable) 

The  ON  statement  is  used  as  a  conditional  GOTO  statement  to  alter  the  sequence  of 
statement  execution.  The  general  form  of  the  ON  statement  is: 

ON  expression  GOTO  line  number  C,line  number]... 

When  an  ON  statement  is  executed,  the  expression  is  evaluated  and  the  result  is 
truncated  to  an  integer.  The  integer  is  then  used  a3  an  index  to  select  one  of  the 
line  numbers  in  the  list.  Control  is  transferred  to  the  statement  having  the  selected 
line  number.  If  the  integer  is  less  than  one  or  greater  than  the  number  of  line 
numbers  specified,  control  passes  to  the  statement  after  the  ON  statement. 

The  ON  statement  gives  the  user  a  multi-directional  switch  capability. 

2  INPUT  X 

4  ON  SGN  (X) +2  GOTO  6,  10,  14 
6  PRINT  "IMAGINARY" 

8  GOTO  2 

10  PRINT  "UNDEFINED" 

12  GOTO  2 
14  PRINT  LOG  (X) 

16  GOTO  2 


4.2.12  STOP  Statement  (Executable) 

The  STOP  statement  is  used  to  terminate  program  execution.  The  general  form  of  the 
STOP  statement  is: 

STOP 

Upon  encountering  a  STOP  statement  during  the  execution  of  a  program,  execution 
ceases  and  the  system  reverts  to  the  command  mode  of  operation.  (See  section  2) . 

STOP  statements  can  be  used  anywhere  in  a  program  to  designate  the  logical  rather 
than  the  physical  end  of  a  program.  STOP  is  useful  in  debugging  programs,  and  in 
suspending  program  exec  *  ion  at  critical  points  where  a  user  may  wish  to  display 
i  nt- r»m*edi ate  results,  and  then  alter  program  execution  depending  on  the  displayed 
results . 
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4.2.13  DIM  Statement  (Non- Executable ) 

The  DIM  statement  is  used  to  reserve  storage  space  for  data  arrays.  The  general  form 
of  the  DIM  statement  is: 

DIM  letter (constant[ .constant] ...), letter (constant  .constant 

The  DIM  statement  defines  the  name  and  dimensionality  of  arrays.  Each  "letter" 
appearing  in  a  DIM  statement  becomes  the  name  of  an  array,  so  that  a  maximum  of  26 
arrays  may  be  declared  in  a  program.  The  dimensionality  of  an  array  is  determined  by 
the  number  of  constants  in  parentheses  following  the  name.  Each  constant  must  be  a 
positive  integer,  and  the  value  of  the  constant  defines  the  largest  value  that  a 
subscript  expression  in  that  position  may  have.  The  minimum  value  that  any  subscript 
expression  may  have  is  ze^o.  Every  reference  to  an  element  of  the  array  must  contain 
exactly  as  many  subscript  expressions  as  there  are  constants  in  the  declaration  of 
the  array.  For  example,  the  statement 

DIM  PCS),  Q (8 ,6 , 4) ,  R(2 ,2, 2,2,3) 

defines  three  arrays,  containing  6,  315,  and  324  elements,  respectively.  Q  is  a 
9x7x5  array,  and  references  elsewhere  in  the  program  to  elements  of  Q  must  carry  a 
parenthesized  list  of  three  subscript  expressions.  The  reference  Q(0,0,0)  refers  to 
the  first  element  of  Q.  P  is  a  one-dimensional  array  (vector) . 

It  is  permissible  for  an  array  name  to  be  the  same  as  the  name  of  a  simple  variable. 

DIM  statements  may  appear  anywhere  in  the  program,  and  they  are  not  required  to 
precede  references  to  the  arrays  they  define. 


4.2.14  PFTF  Statement  (Non-Executable) 

The  DEF  statement  enables  the  irttroduction  of  a  user  defined  function.  The  general 
form  of  the  DEF  statement  is: 

DEF  FN  letter (simple  variablef , s imple] variable ...) =expression 

The  DEF  statement  gives  the  user  a  convenient  means  of  avoiding  rewriting  expressions 
which  occur  frequently  in  his  program  and  differ  only  in  their  operands.  The  "FN 
letter"  combination  becomes  the  name  of  an  explicitly  defined  function  which  may  then 
be  used  whenever  a  function  reference  is  permitted.  Such  a  reference  causes  the 
evaluation  of  the  names  shown  in  the  definition.  The  'letter'  in  the  function  name 
may  be  any  of  the  26  alphabetic  characters,  thus  giving  the  user  a  potential  reper¬ 
toire  of  26  explicitly  defined  functions. 

The  DEF  statement  which  defines  a  function  name  need  not  precede  the  reference. 

It  is  permissible  (although  not  necessarily  desirable)  for  the  argument  names  in  the 
definition  to  be  the  same  as  names  used  elsewhere  in  the  program. 

Example : 

Using  the  recursive  definition 
*m  +l=S<XntY/Xm) 

make  three  iterations  starting  with  X^=l. 


10  DEF 
20  LET 
30  LET 


FNQ(C)=(C+Y/C)/2 

Y=4 

X=FNQ(FNQ(FNQ(1) ) ) 


90 
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The  general  form  and  the  effect  of  executing  each  of,  the  twelve  matrix  statements  is 
defined  below.  The  reader  is  presumed  to  have  a  knowledge  of  matrices  and  matrix 
operations. 


4. 3. 1.1  Matrix  Replacement 
General  Form: 

MAT  matrix=nnatrix 
Effect: 

Each  element  cf  the  first  matrix  is  assigned  the  current  value  of  the  corre¬ 
sponding  element  of  the  second  matrix.  The  two  matrices  must  have  the 
dimensions . 


4. 3.1.2  Matrix  Addition 
General  Form: 

MAT  matrix=matrix+matrix 
Effect: 

Each  element  of  the  first  matrix  is  assigned  a  value  which  is  the  sum  of  the 
corresponding  elements  of  the  other  two  matrices.  All  three  matrices  must  have 
the  same  dimensions. 


4 . 3 . 1 . 3  Matrix  Subtraction 
General  Form: 

MAT  matrixamatrix-matrix 
Effect : 

Each  element  of  the  first  matrix  is  assigned  a -value  which  is  the  difference 
between  the  corresponding  elements  of  the  second  and  third  matrices.  All  three 
matrices  must  have  the  same  dimensions. 

The  preceding  three  kinds  of  matrix  statements  (replacement,  addition,  and  subtrac¬ 
tion)  ,  may  be  used  with  matrices  of  any  dimension  as  long  as  they  match. 
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4.3. 1.4  Matrix  Multiplication 
General  Form: 

MAT  matrix-matrix*matrix 
Effect : 

The  elements  of  the  first  matrix  are  assigned  values  such  that  it  is  the  product 
of  the  other  two  matrices  according  to  the  usual  rule  for  matrix  multiplication. 
The  standard  restrictions  concerning  the  distensions  of  the  three  matrices  apply. 
That  is  if  x,  y,  and  z  represent  integer  constants,  then  the  following  relation¬ 
ship  must  exist  between  the  dimensions  of  three  matrices  A,  B,  and  C: 

DIM  A(x,z) ,B(x,y) ,C(y,z) 

MAT  A»8*C 

The  matrix  on  the  left  side  of  the  equal  sign  must  not  be  the  same  statrix  as 
either  of  the  matrices  on  the  right. 


4. 3. 1.5  Scalar  Multiplication 
General  Form: 

MAT  matrix- (expression) ^matrix 
Effect: 

Each  element  of  the  first  matrix  is  assigned  a  value  which  is  the  product  of  the 
value  of  the  expression  and  the  corresponding  element  of  the  second  matrix.  The 
two  matrices  must  have  the  same  dimensions. 


4. 3. 1.6  Matrix  Transposition 
General  Form: 

MAT  matrix-TRN (matrix) 

Effect: 

The  first  matrix  is  made  the  transpose  of  the  second  matrix.  The  two  matrices 
must  be  square  and  have  the  same  dimensions;  they  may  be  the  seme  matrix. 
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4. 3. 1.7  Matrix  Inversion 
General  Form: 

MAT  matrix*INV (matrix) 


Effect: 

The  elements  of  the  first  matrix  are  assigned  values  such  that  it  is  the  inverse 
(in  the  usual  mathematical  sense)  of  the  second  matrix.  The  two  matrices  must  be 
square  and  have  the  same  dimensions. 


The  algorithm  used  by  the  INV  function  will  output  the  "SMM  error 
Brassage  if  the  matrix  to  be  inverted  is  singular  (determinant* 
zero)  or  nearly  singular  (any  main  diagonal  « lament* zero) .  To 
invert  a  nearly  singular  matrix,  the  user  may  either  perform 
elesientary  row  operations  on  the  matrix  to  make  a  main  diagonal 
element  non-zero,  or  use  the  Inversion  library  routine  described 
in  section  C.2  which  accepts  nearly  singular  matrices. 


4.3. 1.8  Zero  Matrix 
General  Form: 

MAT  matrix~ZER 
Effect: 

The  value  of  each  element  of  the  matrix  is  set  to  zero. 


4. 3. 1.9  Identity  Matrix 
General  Form: 

MAT  matrix~IDN 
Effect: 

The  value  of  every  element  of  the  matrix  is  set  to  zero  except  for  the  elements 
on  the  principle  diagonal  which  are  set  to  one.  The  nwtrix  must  be  square. 

4.3.1.10  Constant  Matrix 
General  Form: 

MAT  aatrix-COM 
Effect: 

The  value  of  each  element  of  the  matrix  is  set  to  one. 
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4.3.1.11  Print  Matrix 
General  Form: 

MAT  PRINT  matrix[separator] matrix  ...separator 
Effect: 

The  value  of  every  element  of  each  of  the  elements  in  the  list  is  printed  in  the 
ormat  described  under  the  PRINT  statement.  Each  separator  is  either  a  comma  or 
a  semicolon,  and  it  governs  the  spacing  on  the  print  line  between  eaeh  matrix 
element  in  the  same  way  as  for  ordinary  printing.  The  matrix  elements  are 
ordered  row-wise,  and  each  row  is  started  in  a  new  line. 


4.3.1.12  Read  Matrix 
General  Form: 

MAT  READ  matrix[[, matrix]. . . 

Effect: 

Every  element  of  each  matrix  in  the  list  is  assigned  a  value  taken  from  a  constant 
in  the  consolidated  DATA  statement  list.  The  matrix  elements  are  ordered  row¬ 
wise.  . 


4.3.3  CALL  Statement  (Executable) 

In  BASIC-2  and  BASIC-3  programs,  the  CALL  statement  comnunicates  with  a  Machine 
Language  Subroutine  previously  linked  and  loaded  as  a  part  of  the  SASIC  Processor. 

The  general  form  of  the  statement  is: 

CALL  (n ( .argument J . . . ) 

The  integer  value  of  the  variable  or  constant  shown  as  n  corresponds  to  one  of  20 
possible  subroutine  names,  from  ML1  thru  ML20. 

Each  argument  can  be  either  a  constant  or  the  name  of  a  non-subscrip ted  variable. 

The  name  of  an  array  or  of  a  function  is  not  acceptable. 

This  CALL  statement  transfers  control  to  ML6,  and  passes  it  2  names  and  2  constants: 
CALL  (6.  X2 ,  AS,  255,  "MESSAGE") 
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Section  5 
BASIC  COMMANDS 


5.1  INTRODUCTION 

The  BASIC  System  accepts  six  commands  for  controlling  a  user's  operating  environment. 
Each  command  consists  of  a  unique  keyword  of  from  three  to  five  letters.  Commands 
are  not  preceded  by  a  line  number*  and  are  always  executed  immediately  upon  entry. 
Square  brackets  surrounding  an  element  of  the  line  indicate  that  parameter  is  optional 
and  may  be  included  or  omitted  as  required.  The  six  commands  are: 

LIST  -  List  all  or  part  of  a  user's  program 

PUNCH  -  output  all  or  part  of  a  user's  program  to  paper  tape 

CLEAR  -  Initialize  a  user's  word  area 

RUN  -  Begin  execution  of  a  user's  program 

TAPE  -  Accept  program  input  from  paper  tape 

TTPE  -  Accept  program  input  from  the  keyboard 

5.2  LIST  COMMAND  • 

The  LIST  command  is  used  to  print  all  or  par  of  a  user's  BASIC  program  as  it  cur¬ 
rently  stands  in  a  user's  work  area.  The  g  al  form  of  the  LIST  command  is: 

LIST  [.line  number[,line  numberJD 

t  • 

If  there  are  no  line  number  parameters  following  the  keyword,  the  entire  program  is 
printed.  If  only  a  single  line  number  is  given,  that  line  is  printed.  If  the  comnand 
contains  two  line  nur>b**r  parameters,  that  portion  of  the  program  whose  line  numbers 
lie  between  the  values  is  printed. 

If  the  line  to  be  listed  is  non-existent,  the  next  higher  numbered  line  will  be 
printed.  If  there  is  no  higher  numbered  line,  no  listing  will  occur. 

Although  the  user  may  have  originally  entered  his  program  statements  in  any  order, 
they  are  maintained  in  the  work  area  in  order  of  ascending  line  number,  and  this  is 
the  order  in  which  they  are  listed. 

5.S  PUNCH  COMMAND 

The  PUNCH  command  is  used  to  output  all  or  part  of  a  user's  BASIC  program  as  it 
currently  stands  in  the  user's  work  area  to  paper  tape  or  disc  file.  The  general 
form  or  the  PUNCH  conmand  is: 

PUNCH  [line  number[,line  number] 3 

If  there  are  no  line  number  parameters  following  the  keyword,  the  entire  program  is 
punched.  If  only  a  single  line  number  is  given,  that  line  is  punched.  If  the  command 
contains  two  line  number  parameters,  that  portion  of  the  program  bounded  by  the 
specified  line  numbers  is  punched. 
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Although  the  user- may  have  originally  entered  hie  program  statements  in  any  order , 
they  are  maintained  in  the  work  area  in  order  of  ascending  line  number,  and  this  is 
the  order  in  which  they  are  punched. 


The  format  of  the  program  on  paper  tape  is  such  that  it  can  be  read  back  into  the 
user's  work  area  at  a  later  time  for  execution  or  further  modification. 


5 . 4  CLEAR  COMMAND 


The  CLEAR  command  is  used  to  initialize  a  user's  work  area.  The  general  form  of  the 
CLEAR  command  is: 

CLEAR 

When  a  CLEAR  command  is  entered  a  user's  work  area  is  cleared  of  all  program  text, 
and  his  relation  with  the  BASIC  System  is  re-initialized.  After  execution  of  a  CLEAR 
command  the  only  meaningful  action  on  the  part  of  the  user  is  a  series  of  program 
editing  directives  to  construct  a  new  program  in  his  work  area. 


5.5  RUN  COMMAND 

The  RUN  command  is  used  to  begin  execution  of  a  user's  BASIC  program.  The '’general 
form  of  the  RUN  conmand  is: 

RUN 

Upon  receiving  a  RUN  command  the  BASIC  System  leaves  the  command  mode  of  operation 
and  enters  the  execution  mode.  The  user's  program  as  it  currently  stands  in  the  work 
area  is  executed  statement  by  statement,  beginning  with  the  first  (lowest  numbered) 
executable  statement,  and  continuing  until  a  STOP  or  END  statement  is  encountered,  or 
until  an  abnormal  condition  occurs.  At  this  point  a  message  identifying  the  cause 
and  legation  of  the  terminaiton  is  printed,  the  System  re-enters  the  command  mode  of 
operation  and  prints  the  asterisk  prompt  character.  • 


5. 6  TAPE  COMMAND 

The  TAPE  command  is  used  to  inform  the  BASIC  Systam  that  a  BASIC  program  is  to  be 
iftput  from  disc  or  paper  tapp.  The  general  form  of  the  TAPE  command  is: 
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Section  6 
BASIC  FUNCTIONS 


6.1  FUNCTIONS 

The  BASIC  System  includes  13  pre-defined  functions  to  perform  mathematical  operations. 
A  function  reference  consists  of  a  three  letter  function  name  followed  by  a  paren- 
thesized  list  of  arguments.  If  there  is  more  than  one  argument,  they  are  separated 
by  --ran —  The  number  of  arguments  supplied  in  a  function  reference  must  agree  with 
the  number  of  arguments  specified  in  the  function  definition.  Reference  to  a  function 
produces  a  value  which  in  general  is  dependent  on  (i.e.,  a  function  of)  the  current 
values  of  the  arguments. 


COMMON  FUNCTIONS: 


EXP 

(X) 

E  raised  to  the  X  power 

LOG 

(X) 

Natural  logarithm  of  X 

ABS 

(X) 

Absolute  value  of  X 

INT 

(X) 

The  largest  integer  not  greater  than  X 

MOD 

(X,Y) 

X  modulo  Y 

SGN 

(X) 

A  value  indicating  the  sign  of  X 

SQR 

(X) 

Square  root  of  X 

RND 

(X) 

A  random  number  between  0  and  1 

The  arguments  X  and  Y  to  the  functions  may  be  a  constant,  a  variable,  an  expression, 
or  another  function. 

The  value  of  the  argument  to  the  RND  function  governs  the  generation  of  random  numbers 
in  the  following  way:  if  the  value  is  zero  then  the  random  number  is  generated  from 
the  previously  generated  random  number  (or  from  a  fixed  value  if  this  is  the  first 
request  for  a  random  number  within  the  current  execution) ;  if  the  value  is  non-zero 
then  it  takes  the  place  of  the  previously  generated  number  (or  the  fixed  value)  in 
the  algorithm  that  produces  the  new  random  number.  In  this  way,  the  user  has  the 
option  of  always  generating  the  same  sequence  of  random  numbers  (for  check-out  pur¬ 
poses,  perhaps)  or  of  generating  a  different  sequence  for  each  execution  of  his 
program. 


The  SGN  function  returns  the  vklue  -1,  0,  or  +1,  depending  on  whether  the  value  of 
the  argument  is  negative,  zero,  or  positive. 

Tn  a<  ition  to  the  pre-defined  functions  listed  above,  the  CAI  BASIC  System  sup¬ 
ports  user-defined  functions,  where  the  function  reference  is  of  the  form.* 

FNa  (X)  User-defined  function;  a  is  any  letter;  and  the  function  must  be 
defined  in  a  DBF  statement. 
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(c)  Special  routines  lor  operation  A/D  or  D/A 
convertors . 

The  general  format  for  any  ouput  givi-n  to  any 
D/A  convertion  is  as  follows  where  X,  Y,  will  be 
explained . 

(1) "Call(6,  X,  Y)'  Assigns  to  a  meter  V  =  1  to  6 
the  value  of  the  variable  X 

For  example ,  Call( 6 ,M1 ,  1)"(X  =  Ml,  Y  =1) 

Assigns  the  value  of  variable  Ml  to  meter  1. 

(2)  For  input,  the  statements  assign  the  value 
on  a  given  potentionmeter  or  switch  to  a 
given  variable.  Again,  the  forms  used  are 
transparent . 

"Call(7,  X,  Y)"Assigns  the  value  of  potention¬ 
meter  or  switch  Y,  to  a  variable  X. 

For  example,  "Call(7,Dl,  1)"  gives  variable  D1 , 
the  (initial  concentration)  the  value  on 
potentionmeter,  1. 

(3)  "Call(5,  J)"Outputs  the  value  of  RTC  to 
the  regulation  time  variable  ,  J  (the  time 
intervals  lie  between  0  and  255  but  can  be 
divided  to  alter  the  preset  simulation  interval) 

For  example, 

'Call(5,J)"  assigns  the  variable  J  (previously 
set  to  0,  say)  the  current  RTC  value  (0  to  255) 

(4) "Call(5,  0  )"  Initialises  RTC(for  example, 
in  reset) 
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(d)  This  routine  is  one  quite  convenient  method 
of  computing  any  integral  between  limits  of  some 
function  FNF  (Z)  of  a  variable  Z;  for  example,  of 
Z  =  J.  It  works  by  successive  summation  of  areas 
beneath  the  curve  of  the  function  using  approximation 
rules  (Simpsons,  Midpoint,  and  Tripezoidal)  and 
iterating,  as  required,  to  reduc-  the  size  of  the 
rectangular  segments  beneath  the  curve  until  there 
are  negligible  differences  between  the  different 
area  approximations  that  are  used. 

It  is  necessary  to  specify,  Z,  to  Define 
the  function  of  Z (and  to  dr  cine  the  limits  Zl,  Z2,  between 
which  the  value  of  the  integral  (called  Z0)  is  to 
be  found.  The  output  assigns  a  value  to  Z0 . 

It  is  assumed  below  that  instructions  are 
written  with  the  usual  5  line  gaps,  starting  at  line 
XY05.  As  written,  the  routine  is  part  of  a  program.  If 
used  as  a  subroutine , it  is  entered  by  GOSUB  XY05 
and  XY86  is  Return 

— RZ 

XY05  Let  DEF  FNF  (Z)  =  Whatever  Expression  (say  e  -jp— )■ 

XY1(Z>  Let  Z0  =  p 
XY15  Let  Zl  =  Lower  limit 
XY20  Let  Z2  =  Upper  limit 
XY25  Let  Z3  =  Z2  -  Zl 

XY30  Let  Z4  =  (FNF(Zl)  +  FNF(Z2)  )  *  Z3 
XY35  Let  Z5  =  (J) 

XY40  Let  Z4  =  (Z4  +  Z5)/2  f.  -  —  ...  - - - 

XY45  Let  Z5  =  0 

XY50  For  Z  *  Zl  +  Z3/2  to  Z2  Step  Z3 
XY55  Let  Z5  =  Z5  +  FNF(Z) 

XY60  Next  Z 

XY65  Let  Z5  =  Z5  *  Z3 

XY70  Let  Z6  =  (Z4  +  2  *  Z5)/3 

XY75  Let  Z0  =  Z6  (Current  value  of  the  integral  of  FNF(Z)  ) 
XY80  Let  Z3  =  Z3/2 

XY85  If  ABS  (Z4  -  Z5)/ABS(Z6)  >  IE-4  Then  XY40  (Test  to  end 

iteration  loop)r 
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